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The  course  'materials  were  acquired  ,  evaluated  by  project 
staff  and  practitioners  in  the  field,  and  prepared  for 
dissemination.   Materials  which  were  specific  to  the  iilitary, 
were  deleted  r  copyrighted  materials  were  either  emitted  or  appro 
val  for  their  use  was  obtained.    These  course  packages  contain 
curriculum  resource  materials  which  can  be  adapted  to  support 
vocational  instruction  and  curriculiira  development. 


The  National  Center 
Mission  Statement 


9 

ERLC 


The  National  Center  for  Research  in 
Vocational  Education's  mission  is  to  increase 
the  ability  l*  diverse  agencies,  institutions, 
and  organizations  to  solve  education^  prob- 
lems relating  to  individual  .career  planning, 
preparation,  and  progression.  The  National 
Center  fulfills  its  mission  by: 

*  Generating  knowledge  through  research 

*  Developing  educational  programs  and 
products 

*  Evaluating  individual  program  needs 

*  and  outcomes 

*  Installing  educational  programs  and 
-  products 

*  Operating  information  systems  and 
services 

* 

*  Conducting  leadership  development  and 

*  training  programs 

FOR  FURTHER  INFORMATION  ABOUT 
Military  Curriculum  Materials  . 

WRITE  OR  CALL 

Proyrjm  Information  Of  (ice 
- '  The  National  Center  for  Research  in  Vocational 
Education 
The  Ohio  State  University 
I860  Kenny  Road,  Columbus,  Ohio  43210 
Telephone:  SM86-3655  or  Toll  free  BOO/ 
648/815  within  the  continental  U.S.  A 
[exceptOdiol  < 


/ 


Information  and  Field 
Scivices  Division , 


The  l  totion.it  Center  forFtatch 
in  Vocational  Education 


\ 


Military  .  '      ■  \ 

Curriculum  Materials     What  Materials  How  Can  These 

Dissemination  Is .  . .      Are  Available?  \  Materials  Be  Obtained 

■  .  '  !    [             ■■' ,■       v.;.  -  •  3  ,  f:,;v:,:i?r: *:  1  • '.' 


an  activity  to  increase  the  accessibility  of 
military  developed  curriculum  materials  to 
vocational  and  technical  educators. 

TWs  project,  funded  by  the  U.S.  Office  of ' 
Education,  includes  the  Identification  and 
acquisition  of  Curriculum  materials,  in  print 
form  from  the  Coast  Guard,  Air  Force, 
Army,  Marine  Corps  and  Navy, 

Access  lo  military  curriculum  materials  is 
provided  through  a  "Joint  Memorandum  of 
Understanding1*  belweei)  the  U.S.  Office  of 
Education  and  the  Department  of  Defense. 

The  acquired  materials  are  reviewed  by  staff 
mi  subject  matter  specialist*  and  courses 
deemed  applicable  to  vocational  -and  tech-5 
ftical  education  are  selected  for  dissemination. 

The  National  Center  for  Research  in 

Vocational  Education  is  the  U.S.  Office  of 

Educations  designated  representative  to 

acquire  the  materials  and  conduct  the  project 

activities. 
* 

Project  Staff: 

"  WesleyE.  Budke,  Ph.Dv  Director 
National  Cenler. Clearinghouse 

Shirley  A.  Chase,  Ph.D.  ■ 
Project  Director 


One  hundred  twenty  courses  oh  microfiche 
(thirteen  in  paper  form)  and  descriptions  of 
each  have  been  provided  to  the  vocational 
Curriculum  Coordination  Centers'and  other 
instructional  materials  agencies  for  dissemi- 
nation. ■ 


Contact  the  Curriculum  Coordination  Center 
in  your  region  for  information  on  obtaining 
materials  [e.g.,  availability  and  oostl.  They 
will  respond  to  you  r  request  directly  or  refer 
you  to  an  instructional  materials  agency 
closer  to  you. 


Course  materials  include  programmed  '  A 

instruction,  curriculum  outlines*  instructor        CUHFlfcuiUM  COOHDIfJA'flON  COdfHR 


guides,  student  workbooks  and  technical 


manuals. 

EAST&NTRAL  , 

NORTHWEST 

Rebecca  S.  Douglas* 

William  Daniels 

The  120  courses  represent  the  following 

Director  V 

Director, 

six  teen  vocal  ional  subject  areas: 

100  North  FirctSfrta! 

Building  17 

Springfield,  IL  62777, 

AirduslrialPark 

Agriculture 

Food  Service 

217/7820759  ^ 

i  Olympia.  WA  9B5D4 

Aviation 

Health  '  , 

^06/753-0379 

Building  & 

Heating*  Air 

Construction 

Conditioning 

1  MIDWEST 

SOUTHEAST 

Trades 

Machine  Shop  ' 

Robert  Patwn 

Jame\F,SI)ill,Ph.D.  . 

Clerical 

Management  & 

Director ' 

DtrectV 

Occupations 

Supervision 

J515WestStxthAw. 

Mississippi  State  Uniwiity 

Communications 

Meteorology  & 

Stillwater,  OK  74704 

Drawer  D5£ 

Drafting 

Navigation 

405/3773000 

Mississippi  State,  MS  39762 

Efectronics 

Photography 

60I/325-2S10,, 

Engine  Mechanics 

'Public  Service 

NORTHEAST 

WESTERN 

The  number  of  courses  and  the  subject  areas 

,    Joseph  F.  Kelly,  Ph.D. 

Lawrence  P.  H.2ane,Pfi.D. 

represented  will  expand  as  additional  mate-'  ■ 

Director 

Director 

hnls  with  application  to  vocational  and 

225  West  State  St, -e( 

177^  Untrersity  Ave. 

tedmical  education  are  identified  and  selected 

Trenton.  Mi  08625 

Honolulu,  HI  96822 

for  dissemination. 

6C9/292-6562 

808/948-7834 

Correspondence  Course  1^1 


/  ENTOMOLOGY  SPECIALIST 

Table  o£  Contents 

Volume  1  Introduction  to  Civil  Engineering"*-  Deleted  Page  3 

Volume  2  Introduction  to  Pest  Management  -  Text  Material       Page  4 

Volume  Review  Exercise  Page  198 

Volume  3  Pest  Management,  Chemicals,  and  Equipment  - 

test  Material  Page  214 

Volume  Review  Exercise  Page  306 

Volume  4  Disease  Vectors  and  Pests  of  Domestic  Aitimals  - 

Text  Material  Page  322 

Volume  Review  Exercise  *  Page  402 

Volume  5  Household  Pests,  Venomous  Arthropods,  and 

Reptiles  -  Text  Material  ,      -    Page  418 

Volume  Review  Exercise  Page  4S0 

Volume  6  Collection,  Identification,  and  Control  of 

Important  Economic  P&sts  -  Text  Material  Pag*  490 

Volume  Review  Exercise  Page  550 

Volume  7  Collection,  Identification  and  Control  of 
Important  Vertebrate  and  Vegetative  Pests  - 
Text  Material  *        e  Page  582 

Volume  Review  Exercise  Page  660 

Volume  8  General  Contingency  Responsibilities  -  Deleted         Page  670. 

Change  Supplement  Page  672 


ENTOMOLOGY  SPECIALIST 


Correspondence  Course  j .  j 


Owiiootd  by; 

United  Swim  Art*  Fore* 

Development  and 
fi*vi#v»  Ott*t: 

August  1974 


Occupational  Am; 

Agriculture 

Co*: 

$68.10 


Print  Pigm; 

6S1 
2KK 


Availability: 

Military  Curriculum  Project.  The  Canter 
tor  vacattOntH  £duC»rior>,  1§GQ  Kenny 
Rd.,  Columbus.  OH  43210 


Soggefrad  Background ; 

Target  Audience*: 
G  recto*  lOsdult 

;         Or^erttsption  grf  Meteriete; 

Student  workbook  with  objective*,  aaiflnmwra.  review  exercises  and  answers, and  volume  review  exercises;  tait 

Typ*  <of  Instruction; 

Individualized,  seif-paced  X 


T  ype  ot  Meter»h; 

VoJiune  1 


No.  of  P*g*t; 


Completion  Tim*: 


iction  Co  Civil  Engineering, 


Volume 
Volume 

Volume 

Volume 

Volume 

V  Gluey* 


Volume  8  - 


5uppt*m*m*ry 

Change 

None 


2  -    introduction  to  Pest  Management 

3  -    Pest  Management,  Chemicals,  and 

Equipment 

Disease  Vectors  and  Pests  of 
Domestic  Animals 
Household  Pests,  Venonous 
Arthropods >  anq^  Reptiles 
Collection,     Identification,  and 
Control  of  Important  Pests 
Collection,  Identification,  and 
Control  of  Important  Vertebrate  and 
Vegetative  pests  79 
General  Contingency  Responsibilities 

Mat  will* 

Supplement  9 


4  - 

5  - 

6  .-- 

7  - 


3Sx  i 

Fiextbie 

194 

Flexible 

92 

Flexible 

80 

Flexible 

62 

Flexible 

60 

Flexible 

Flexible 


:RIC 


p-c  c^tic  sr*re  lJmivi 


Expires  Jury  1,  1978 


it 


Count*  Description 

Thif  court*  *m  <***wC  to  provide  trie  student  with  basic  information  needed  to  accomplish  the  following  duties  of  in  Entomology  Specialist; 

*  Performs  entomological  work 

*  APpifof  to*ic  pwticicar* 

*  Performs  control  op*  rot  ion* 

*  Perform*  preventive  operation* 

*  Operates  and  calibrates  dispersal  and  safety  aquiPmant 

*  Maintain*  tool*  and  equipment 

*  Supervian entomology  personnel  y  l  ^m^i  ^ 

o  » ;    ;  £  Lg £  / 

Thh  count  contains  -oafr  volun^v«eaj  ii*>n  u*epwwh  ^eetaE^ 

defined,  The  remaining  chaaeaH  are*de*cribod  betow, 


contain  information  on  specif  military  procedure*  and  form*  and  were 


»     SEE  ATTACHED 


Objective*,  reading**  and  review  eaarcise*  wth  answers  tor  student  wlt-studv  and  evaluation  are  inciuoea  tor  eacn  enapter,  m  voiume  review  BJterci» 
is  available,  txit  the  answers  ar*  not  given-  This  course  wat  designed  to  provide  basic  information  on  entomology  control  and  equipment,  it  would  best 
be  used  in  a  laboratory  qr  on-the-pob  teaming  situation. 
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Volume  2  - 


Volume  3 


Volume  4 


Introduction  to  Pest  Management  provides  knowledge  about  the 
following  subjects:   introduction  to  entomology;    pest  management 
planning  and  coordination ;    and  saf ety *   protective   equi pment * 
and  first  aici  - 

Pest  Management ,   Chemicals   and  Equipment  provides  knowledge 
about   the   following  subjects;   pesticides  and  environment,  and 
pesticide  d  ispe  rsal   equipment . 


Disease  Vectors  and  Pests  of  Domestic  Animals 
many  arthropods  that  carry  diseases  to  humans 
animal s,   as  we  11  as   those  generally  considered 


discusses  the 
and  domestic 
to  be  pests. 


Volume    5  - 


Volume  6 


Household  Pests  ,  venomous  Arthropods ,  and  Reptiles  discusses 
venomous  arthropods  and  reptiles  as  well  a.t  some  significant 
household  pests. 

Collection »    Identification  t^and  Control  of   Important  Economic 
Pests  provides  knowledge  concerning  the  more  important 
econorni c  pests,   which  include  stored  product  pests ,  structural 
pests,   and  ornamental  and  turf  ptfsts. 


Volume   y  -  Collect! on ,    Identification/   and   Control  of  Important  vertebrate 
>  and  Vegetative   Pests  provides  knowledge  concerning  the  more 
j    important  vertebrate  and  vegetative  pets  which  includes 

dome stic  ana  field   rodents  j   bats ,   birds  *   aquatic  plants^ 

grasses ,   au3  herbacious  b roadie a f  plants  - 
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Preface 


THIS  VOLUME  of  CDC  56650,  .Entomology  Specialist*  provides  you  with 
knowledge  about  the  following  subjects:  introduction  to  entomology;  pest  manage- 
ment planniug  and  coordination;  and  safety,  protective  equipment,  and  first  aid.  To 
become  certified  as  an  entomology  specialist*  you  must  be  knowledgeable  in  these 
K  subjects  as  well  as  those  that  you  will  cover  in  later  volumes. 

Please  note  rhaiTiu  this  volume  we  are  using  the  singular  pronoun  he.  his,  or  him  in 
its  generic  sense,  not  its  masculine  sense.  The  word  to  which  it  refers  is  person. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this  text* 
or  recommendations  for  its  improvement,  send  them  to  Tech  Tng  Cen/TTGOX, 
Sheppard  AFB  TX  76311.  NOTE:  Do,  not  use  the  suggestion  program  to  submit 
corrections  for  typographical  or  other  errors. 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECFs 
instructional  aids  (Your  Key  to  Career  Development.  Behavioral-Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO,  as  appropriate.  If  he  can't  answeryour  questions*  send  rhem 
to  HCI,  Gunter  AFS  AL  361  IS,  preferably  on  ECI  Form  17.  Student  Request  for 
Assistance. 

This  volume  is  valued  at  33  hours  (1 1  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  May  1977. 
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Appendix  A.  Pesticide  Recommendations 

Appendix  B.  Identification  Keys  to  Some  Important, 

Arthropods,  Reptiles,  Birds,  and  Mammals 


APPENDIX  A 
PESTICIDE  RECOMMENDATIONS 


NOTICE*     RECOMMENDATIONS  CONTAINED  IN  THIS  SECTION  ABE  INTENDED  AS  A 

GUIDE  ONLY  AND  MUST  NOT  BE  SUBSTITUTED  FOR  INFORMATION  ON  LABELS  -  ' 

The°Federal  Insecticide.  Fungicide,  and  Bodenticide  Act  as  .amended  by  the 
Federal  Environmental  Pesticide  Control  Act  of  1972  requires  that  all  pesti- 
cide products  be  used  according  to  the  directions  on  product  labels. 
Deviation  from  label  directions  is  considered  to  be  a  violation  of  the  Act* 
and  individuals  concerned  are  subject  to  civil  or  criminal  actions*    It  is 
the  responsibility  of  the  user  to  ensure  that  a  pesticide  is  used  in  a 
"common  sense"  manner  and  in  compliance  with  the  product  label. 

Periodic  review  and  re*- evaluation  is  conducted  by  the  Environmental  Protection 
Agency  on  each  registered  pesticide  product  to  determine  if"the  recommended 
uses  will 'prevent  undue  hazard  to  the * applicator  and  the  occupants  of  treated 
areas,  and  adverse  environmental  effects.    Only  in  very  specific  situations 
can  a  pesticide  product  be  used  in  a  manner  which  is  inconsistent  with  the 
label  directions  and  these  exceptions  must  be  recommended  in  writing  by  a 
knowledgeable  expert.     Within  trie  Department  of  Defense  this  will  be  pro- 
fessional entomologists,  or  in  the  case  of  herbicides*  it  may  include 
qualified  agxonomists- 

The  purpose  of  this  section  is  to  provide  "a  general  guideline  to  operations 
personnel-     It  should  be* recognized  that  with  the  frequency  of  changes  in  - 
pesticide  technology,  particularly  in  the  areas'of  formulation  and  applica- 
tion, the  recommendations  provided  in  the  text  of  this  manual  may  not  he 
current.    Wherever  conflicts  occur,  the  recommendations  in  this  appendix  (A) 
should  be  followed.    The  tables  are  not  comprehensive  lists  of  all  materials 
or  products  registered  for  controlling  the  included  pests*    Neither  the 
absence  of  pesticides  from  the  tables,  nor  the  order  of  arrangement  of  the 
pesticides  should  be  Construed  as  an, endorsement  of  one  product  over  - 
another*- 

Strengths  of  finished  formulations  for  many  pesticides  have  not  been  listed 
in  the  tables-     Current  registration  rules  require  dilution  instructions  to 
be  included  on  pesticide  labels-    These  instructions*  when  available,  have 
been  included  on  the  tables  in  lieu  of  strengths  expressed  as  percentages  of. 
the  active  ingredients- 
Page 

Table  A-l  Application  of  Insecticides  3 
Table  A-2  Application  of  Rodenticides  23 
Table  A~3  Chemical  control  of  Bats  and  Birds  ~27- 
Table  Application  of  Herbicides  28 


The  abbreviations  used  in  the  tables  include: 


A  • 

□i ±  solution  r 

AC  - 

acre 

F . 

pallet 

B  . 

Ddl  L 

Pest  ic.Ld&— R. 

proprietary  pesncLuc 

t,  - 

crystals 

It* 

repeixent 

D  - 

dust 

S- 

solution 

£  - 

emulsion 

SC- 

solution  concentrate 

EC. 

emulsif iable  concentrate 

Su- 

suspension 

F- 

fcg 

TBS. 

tablespoon 

Fm. 

fumigant 

tsp- 

a  teaspoon 

G- 

granule 

WP. 

wettable  powder 

N/S 

non-standard 

SP. 

soluble  powder 

j 
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TABLE  A-. 

AypUcicion  of  Insecticides 


pest -stage; 

LOCATION -TYPE 
OF  THEATMiittT 

■  PESTICIDE/ 
STOCK  STRENGTH /FORM 

APPLICATION: 
STRENGTH.  KATT-r  W^D  METHOD 

RKMAttKS  ; 

Wit 

Indoor- Spot 
treatment 

Percent 
chlorpynfos      40.8  EC. 
(Dursban-P-) 

Percent 
0.^  £. 

Apply  as  a  coarse  spray  or  with  a  paint 
brush  to  areas  where  pests  normally  occur. 

dia^inon            47.5  EC. 

4B.7  S. 

0.5     E.    11H  n  02  EC/l  gal  uater) 
0.5     OS.  ■ 

Keep  children  and  pets  off  treated  areas 
untU  dry.    Treatments  in  food  handling  areas 

propoxur             1.0  s. 
LBaw>n-R. } 

1.0  S. 

mist  conform  to  EPA  standards. 

chlordane           5. 0  B 

5.0  I> 

Indoor  dust  must  be  placed  where  children  and 
pets  cannot  reach  it.    NOTE;   Chlordane,  iE 
Available  and  labeled  for  ants,  nay  be  used. 

Outdoor -spot 
treitBK;nt 

carbaryl           80.0  W?. 

2.0     Su.  1.0-1.25  lb.actual/150- 
200  gal  vater/5,000  Sq 
ft. 

Apply  to  nest  ana  in  6-inch  bands  around 
nests.    Spot. treat  trails  and  points  of 
entry.  Y 

Apply  to  mounds  and  saturate  soil  and  mix 
with  loose  earth  on  top  of  mounds. 
Outdoor  dusts  or  granules  must  be  watered 
into  nests.    NOTE:   Chlordane,  if  available 
and  labeled  for  ants,  my  be  used. 

ralathion           *7,0  EC. 

0.1  E, 

chlordane           5. 0  D 

Si 

5.0  D 

Indoor- bait 

Kepone-R,  H/S     0,125  G. .&. 

0.125  B, 

Apply  Tightly  near  baseboards  in  closets, 
under  sinks  and  refrigerators,  and  other 
areas  where  ants  may  be  found  but  which  are 
inaccessible  to  children. 

propoxur            2.D  g. ,B. 

(Ha/OOfl-Ft.  ) 

3.5  6. 

Ant : 

Carpenter 

In  wootf 

propoxur             10  S. 
(&ay?on-R.) 

•* 

1-0     5.    Inject  solution  into 
Galleries  or  nests. 

CAUTION:   Oil  solutions  may  soax  through 
wood  and  stain  finished  surfaces.  Uses 
sparingly.    Spot  treat  trails,  fumigation 
may  be  required  {see  Termites:  drywood) . 

Ant; 

Imported 
fire 

Hound . 
application- 
bait 

Mirex-R.  Jf/S  B, 

B,    0+02  grams  actual/round. 

For  pasture  and  cropland  use  only. 
Place  1  or  2  tsp  of 'paste.  1  or  2  tbs  of 
granules  within  a  few  inches  of  mound 
entrance* 

Kepone-R    ji/S   0.125  G..B. 

0.135  a. 

Area-bait 

Mirex-R.  H/S  B* 

B-    1-7  grains  actual/Ac.  on 
pastures  and  cropland. 
3.4  grams  actual/Ac-  on 
golf  courses,  parks, 
lawns,  omaaental  turf, 
cemeteries. 

Consult  label,    Broadcast  application,  no 
(Bnre  than  I' applications  in  12  months.  Do 
not  apply  more  than  once  over  10  day  period. 

Aphid 

ReSidual- 
Outdoors  on 

oalathion          5?,0  EC. 

E-    (2  tsp  EC. /gal  or  1  9^ 
EC/100  gal  water) 

Cover  foliage  thoroughly,  including  under- 
side.   Control  nearby  ants  also,  if  they  are 
tending  aphids.    Meta-Systox  is  *tosie  to 
fish  and'vildlifef  keep  out  of  lakes, 
streams  and  ponds.   Apply  dimethoate  only  to 
plants  listed  on  label.             "   , 

ornaments 

,Heta-SystOX-R,  N/S  EC. 

0.05   £.    Refer  to  label  for  spec- 
ific species  and  rates. 

diaethoate  N/s  21.4  EC. 

E.    (2  tsp  EC. /gal  or  I  qt 
EC. /10O  gal  water) 

Armyvorm 

Area 

carbaryl           BO.O  up. 

Su.  1.0-1.25  actual/150-200 
gal  water/5, 0Q0  sq  ft. 

Apply  to  young  plants  and  to  soil  when 
larvae  are  small. 

"Eagworm 

Besidudl 

malatMon           57.0  EC. 

E.    {2  tsp  EC. /gal  or  1  qt 
EC./100  <jal  water) 

Apply  to  foliage  as  needed  in  early  spring. 
Hard  pick  bags  any  time.    Repeat  at  7-10  day 
intervals. 

chlorpyrifos      40.6  EC. 
[Dursban-FU 

E.    (0.25  fl  on/3  gal  water! 
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TABLE  A^l  (Gout) 


A]ij»i  jcdtion  of  Insecticides 
00  NOT  SUBSTITUTE  THESE  jjgCQMMEN DAT f ON S  TOR  IHFORMAT1  ON  OH  LABELS 


PEST-STAGE 

LOCATION*  T*?E 
OP  TREATMENT 

PESTICIDE/ 
STOCK  STRENGTH/ FORM  ' 

APPLICATION: 
STRENGTH r  HATE,  ft NO  METHOD 

REMARKS 

Bedbug 

\ 

tiestdual- 

Percent 
malathion           57.0  EC. 

Percent 

0,5-1.0  OS.  [2-4  tsp  EC. /gal  deo- 
dorized kerosene) 

Very  light  application*  do  not  soak  Mat- 
tress.   Use  grade  A  malathion.    Never  apply 

dichlorvos  n/s  EC 

0.5  E. 

to  cribs  r  treat  only  crib  oat  tress;  allot* 
pat tress  to  dry  at  least  4  hours;  recover 
mattress  before  use. 

Bedsteads, 
baseboards, 
Mill  crevice 

malathion            57. 0  EC. 
* 

T.O     05.         tsp  K\/gal  cJeodor-" 
ized  kerosene) 

Apply  generously  to  bed  frames  and  woodwork 
with  special  care  to  wet  all  possible 
hiding  places.    Do  not  spray  cribs,  use 
grade  A  malathion. 

dichlorvos  N/S  EC. 

0,5  E. 

pyrechrum  N/S     20.0  C. 

0.1-0.2  E.  May  be  added  to  above  to 
flush  bedbugs  from 
hiding  places. 

Bees  Wasp, 

Home  1 1 
. Yellow 

Jacket 

Nests, 
Indoor  and 
Outdoor' 

carbaryl  N/S        5.0  D. 

S.O    D.    (indoors)  heavy  dust. 

Apply  at  night ,  or  in  early  morning  when 
pests  are  least  active.    Control  personnel 
should  wear  protective  clothing,  head  nets, 
and  gloves. 

For  use  in  pin-point  application.  Most 
effective  and  with  least  risk  to  applicator 
apply  after  dark  when  insects  are  contained 
and  at  resc.    Protective  clothing  advised. 
Do  not  apply  in  areas  where  foods  and  food- 
stuffs  are  ejeposed  or  handled. 

propoxur             l.w  5. 
(&argon~R. ) 

,1.0  3, 

resmethrin         0.15  SU. 

{pressurized  ,  * 

can] 

0,15   SU.  Saturate  nest  with 
spray. 

Garbage  cans 

No  pesticides  registered. 

Consult  USD*. 

Beetles 
Carpet, 

fil-dCJt. 
Gown  OA  i 
furniture 
i  Varied 

Residual 
Indoors 

Si 

1 

malathion           57.0  EC. 

3.0      E.  * 

Treat  periphery  of  carpets  and  areas  of 
carpets  not  subject  to  traffic;  treat  in- 
side of  chest »  drawers r  closets*  Afld  other 
Storage  areas.    Thorough  coverage  essential 
Apply  coarse  mist  spray  along  cracks  and 
crevices,  in  comersr  along  baseboards  and 
moldings,  in  closets  and  along  carpet  edges 
Aeoeat  each'6  months. 

diazinon           47.0  EC. 

0.5     E.    (l!i  fl  oi  EC./gal  water) 

lindane  n/S        20.0  EC. 
N/5         0. 5  OS. 

E.    (3.25  fl  oz  ECr/ga!  water 
0. 5  OS. 

Material: 
goods  inch  as 
wooicnsi  drap 
eries.  blan- 
kets and  up' 
holstery 

malathion          57.0  EC. 

1.0     £.    Grade  A  only 

Hay  be  applied  to  surface  area  of  carpeting 
Clean  and  brash  articles  prior  to  treatment 
Treat  scans  well.    Repeat  after  laundering 
or  dry  cleaning. 

Enclosed 
Storage-: 
Repellent 

pa  r  ad  ic  h  1  or  obenze  ne 

100. 0  c. 

Si 

100.0  C. 

1  lb/100  cu.  ft. 

Protects  approximately  one  year  in'tightly 
sealed  space. 

Pmrugant. 

Metftyl  bromide; 
Set  clothes  moths 

^ 

ERJC 


TABLE  A-l  (Cont) 


Application  at  1  fiwrric idw 
DO  MOT  EUHST1TUTK  THESE  RECOMMENDATIONS  Pnft  INFORMATION  ON  LAUEU 


LOCATION-TlpE 
fjV  TkilATMKNT 


PESTICIDE/ 

stock  $Tmur:H/\  nm 


APPLICATION: 
5TKKWCTH,  KATE,  AND  METHOD 


REMARKS 


fcesidual 


maldttuon' 


h*rc«nt 
y7.fj  EC. 


Percent 


(2  tsp  EC>/gal  water  or 
1  qt  EC./tDn  gal  water) 


carbaryi 


UP. 


Vj  wP*/qj]  wat<*r  or 
1,0  lb  dctudl/lon  gdl) 


Apply  as  nccduri  to  foliage  and  flowers  or 
ornament  als. 


Aircraft i 
distiiiii-ct  iun 


carteryl-DDT  4-?-  *>-4J*  S  h. 
cart  r  uUje 


1  or  2  qnyl,fl00  cu  ft, 
USf  1 - ,  or 
cartridges  dccotdiftq  to 
inside         of  carqo  hold 
u£  aircraft,  pispense 
vitb  rcedtfied  carton  di 
ox ide  fire  extinguisher 
and  special  adapter* 
Follow  label  directions 


use  only  under  direction  at         Dept.  of 
Aqticultnre  or  U.5>  Dept.  of  Health.  Educa- 
tion arid  welfare  quarantine  officials*  or 
certified  Military  Quarantine  Inspector* 


ki*siftu*i]  ui 
lauti-;  .nut 
turf 


di^z ifioai  -  St-**  Wh Llt^ruh :  Outdoors:  diazinon 


« t IKy  rJporo  iJ  incase  N?S 


Cannot  be  used  with 
insecticide. 


Seek  guidance  front  area  or  command  entomol- 
ogist. 


Lliuianu 


OS. 


O.S 


Evntachloropht-noL  S/.O  OS. 


OS.  Spray  or  brush  1  gal/100 
"7)5.  sq.  ft  of  as  needed  to 
saturate  surface  iniect 
using  nil  can  or  syrmqe, 


Repeat  surface  application  until  wood  is 
saturatedj    1ft  the  absence  of  emergence 
holes*  drill  holes  IB  inches  apart  for  in- 
jection application,    tise  a  light  oil  such 
as  deodorized  kerosene  as  diluent  unless 
heavier  oil  is,  not  abject  iorvfrlF*  Tricklcro- 
bonz^ne  serves  as  a  highly  penetrating 
solvent. 


LHp  trt-iiitmenc 


1  inddfie 


12.0 


0.5  OS 


pcntachlorophenol'  S.O  05. 


S,0  OS 


Cold  dip  for  pallets, 
luttber  and  other  wood 
products.  ' 


Can  be  sprayed  or-brushed  on. 

Dipping:    Items  mast  be  submerged  for  three 

miftuf.e  period. 


See  Tennitesi  urywood 
Stre  Clothes  irvoth*  ©ethyl  bronze 


in  it  (ciiic 
residua  i  trva 


TIT 


Treat  infested  areas  thoroughly  including 
foundations,  patios,  sevens  and  around 
doors  and  windows.    Do  not  treat  lawns  or 
other  plants. 


i  A, 


propoxur 


L0 


propoxur  N/S 
IBayqon-R. i 


7S.0 


VfP. 


4. 5  E, 


Su,  (3/4  cup  75*  wP./qt  water 


Apply  a£  a  coarse  spray  tu  runoff  or  with  a 
paint  hrushi    Treat  outsi  t  surfaces  of  , 
Dyildlnqs,  porrhes,  patios  screens  and 
window  and  door  frames,    trough  coverage 
i^  necessary  for  maJtimun  rontrol.    Do  not 
tr*at  lavns  or  c-Ther  plants. 


TABLE  A-l  (Cont) 

Application  0/  Insecticides  ' 
Da  KOT  SUEttTlTLffi  THESE  RECOMMENDATIONS  FOR  INPORj^lTlOH  OH  LABELS 


PEST- STAGE 

LOCATlQNlTYPE 
OP  TkEATMENT 

STOCK  STkfUCTU  /TClktA 

bni  igi/c; 

Biting  Kidg< 
<Contl 

J 

Adult  lcijde 
upace  ijprdy 
outdoor,* 

1  ' 

r 
i 

\ 
r 

! 

i 

i 

1 

E'er  cent 
na*eu                □    y  a» 

Percent 

Essentially  sane  as  for  Mosquito  Adults. 
Ground  application  by  ULV  cr  thermal  fog 
generator.    Dilute  thermal  fog  solution  with 
No.  2  fuel  oil*  diesel  oil  or  other  appro- 
priate oil. 

na.led  N/S  hi  EC. 

E.    0.0S-0.2*  lb  actual/AC. 
Apply  g.w.Q  gal  fin- 
ished spray/Ac. 

E.    0.1-0.23  lb  actual/Ac. 
■ 

Aerial  application.   Dilute  in  fuel  oil, 
or  odorless  kerosene.    Repeat  as  needed.  Do 
not  Apply  over  ihrivp  producing  areas. 
Ground  application  by  ui&t  or  non-thermal 
fog  generator.    Dilute  in  water,  repeat  as 
needed. 

dighiorvos         Se*  Mosquito: 

adult,  Outdoor  space  treatment. ( 

maiathion          See  Hosguito: 

adult,  Outdoor  Space  treatment. 

fenthion  H/S 

S.    0.0b  lb  actual/Ac. 

Apply  to  fog  generator  over  areas  such  as 
ponds*  marshes,  swamps,  and  areas  With 
grass  or  heavy  foliage.  j 

Larvipide 

\ 

'  / 

1 

Abate-ft.  N/S       2,0  C. 

2.0     G.    0.05-0.5  lb  actuat/AC. 

See  Ubel  for  specific  rate  for  different 
application  sites.    Young  shrimp  in  treated 
tidai  waters  via  ve^niiieu  at  tnese  apim* 
cation  rates. 

Per sprat  pro- 
tection 

diethyito'iuamidfc    See  Mosgui 

:o:  adult,  Personal  protection 

BOofciOuSP 
Be -elder  b> 

Indoor 
residual 

! 

\ 

propo*ur           1.0  S. 
{Baygon-R. ) 

ho  S. 

Treat  infested  areas  around  storage  spaces 
and  behind  bookcases.    Remove  pets  and  fish-  , 
bowls  before  treatment.    Use  only  as  a  crack 
and  crevice  treatment  in  edible  proAict  a seas. 

t'urtiqdftt 

Ho  pesticides  registered 

Con suit  area  or  conBnano  cneomutogiEt* 

H 

In 

1 

f 

J^illdUal  Oft 

/ 

i 

carbaryl           30.0  UP. 

Su.  1-0  lb  actual/100  gal 
water. 

Foliage  application. 

pyrethxins        1-0  S. 

5. .OS.       (Dilute  1  part  of 

concentration  **  ^ 
parts  of  water.)  1  gal 
finished  spray/750  sq 
ft, 

Apply  as  a  coarse  dropler  surface  Spray- 
Spray  where  insects  are  usually  found  i^~ 
eluding  walLs.  baseboard  molding,  doors, 
cabinets,  shelves*  etc.    Remove  pets,  birds, 
and  cover  fish  aquariums  before  spraying* 

Centipede 

Residual -in 
garden 

j 

diaxinOn              25, fJ  EC. 

E<     15  fl  oz  EC./100  sq  ft 
in  sufficient  water  to 
obtain  coverage. 

take  application  to  soil    surface  as  a  chwer 
cast  spray  prior  to  planting*  Thoroughly 
mix  into  top  4-8  inches  of  soil. 

Chinch  but) 

1 

Turf  * 

i  - 

r 

carbaryl           tfrJ<0      kf . 

Su.  1.0-1,25  lb  actual/ISO- 
200  ga]  water/500  sq  ft. 

Lawn  should  be  moist  at  time  or  application 
Apply  full  volume  to  insure  good  penetration. 
Keep  out  of  any  body  of  water.    Do  not  apply 
when  weather  conditions  favor  drift  from 
treated  area. 

chlorpyrifos    L  Ab.H  EC. 
(lAjr&ban-k  1 

_N/iL  '  J 

E. 

1.0     C.    1.0-1-5,  lb  actual/Ac* 

1 

o  1 

I 


TABLE  A-l  (Ccmt) 


Application  of  IftiHticldvi 
W  NOT  SUBSTITUTE  THESE  RECOHMEHDATrOMS  FOR  iHFQftMATIOH  OH  UBELS 


LOCATION-TYPE 

PESTICIDE/ 

APPLICATION i 

PEST- STAGE 

^  OP  TREATMENT 

StOCK  STkENGTN/FOKH 

STRENGTH,  MATE,  AMD  KETHQD 

REMARKS 

Percent 

*F«c*nt 

Chinch  tiuq 

Turf.  Uwn 

(Cont> 

(Contl 

dU*iftaft            47. 5  EC. 

E,    (2  to  J  fl  oz  EC.  or  3 

Uflfi  higher  strengths  or  rat  wit  for  longer 

to  h  fl  oi  EC./25  g*l 

residual  control  and  in  Uwna  of  dense 

vittt)  Apply  3  gat/1,000 

growth. 

sq  ft. 

K/S      14  j  G. 

14.3   G,    Apply  1/2  to  1  lb  or  1  to 

1  1/2  th/1.000  aq  ft-  | 

- 

1 


TABLE  A-l  (Cont) 

Application  of  Inane tic idea 

WJ  NOT  jSUb^TlTUTt:  THESE  RECOMMENDATIONS  FOR  INFORMATION  OH  LABELS 


PEST-STAGE 


LOCATION- TYPE 
OF  TflEATHEHT 


PESTICIDE/ 
STOCK  STRENGTH/ rOKH 


APPLICATION: 
STRENCTHi  RATE,  WO  METHOD 


3EHA1UCS 


Chinch  bucj 
( Cont I 


Turfr  lawn 
(contl 


Aapon-R  N/5 


Percent 

13,0  EC. 


percent 

E. 


10  2/J  fl  oz  EC. /IS  gal 
water  to  treat  SCO  sq  ft 


Perthane-H,  N/S 


Hater  lawn  veil  before  treatment  Cover 
area  in  two  direction?.  Keep  children  and 
pets  off  treated  areas  for  24  hours  and 
until  grass  has  completely  dried.   


C lathes 
MOCfi:  fall 

spp,,)  v 

Plaster  bag 
worn  t  car- 
pet beetle 
uif  eating 

fl£ltOu&  ptCr 


Indoor 
residual  on 
torments 


5,0 


Clean  and  brush  articles  prior  to  treatment. 
Spray  thorougtiJy  but  do  not  saturate  Alio* 
adequate  ventilation.  Dry  clean  or  launder 
garments  before  use. 


I  Moor 

re^iiudl  for 
rLnri-ftibric 


nalathion 


57. fl  EC. 


3,0      £.f  OS. 


Fumigation 


tjaradichlorobenzene  100.0 
crystals 


methyl  bromide  £ 
chloropicnn 


100,0        crystals  1  Ib/IQQ  cu  ft 


Use  grade  A  malathion.  Apply  to  baseboards, 
floors,  behind  radiators  and  other  accumula- 
tion areas,  closet  Shelves  and  walls*  and  in 
fested  surface  areas  of  carpeting. 


Use  in  airtight  container. 


ioa.o  rm. 


100,0  Fm, 


Tor  use  only  by  personnel  trained  in  fumi- 
gation. Consult  label  for  dosage  rates  and 
precautions. 


Cockroach 


Bait 


pr  opoxur 
(Baygon-h.E 


2.0 


2,0     S,    4  oz/1,000  sq  ft. 


Kepone-R,  tJ/S     0,12S  &. 


0,125  a.    Use  2  or  J  teaspoons  of 
paste/  2  or  j  table- 
spoons of  granules*  or 
2  or  3  containers  per 
infested  rocmT  ^ 


Place  in  areas  where  cockroaches  are 
numerous  and  tend  to  congregate*  When 
applying  in  accessible  areas P  they  should 
be  placed  on  piper  or  other  material  that 
will  perntit  reaoval.  Use  only  in  areas  in* 
accessible  to  children  and  pets* 


fvuidual  for 
irtiuor  crack 
and  Lfevice 
trt-jfcjmrrt* 


pr opoxur 
Bayqon-fc.)  N/S 


47.  S  EC. 


2,0 


chlorpyt ;fos 


40, a  EC, 


ndldttiiori 


S7.0  EC. 


ii^ray:  indoors 


silica  qeL  (pyrethrtm  10.0 
N/S         piperonyl  buioxide 
10,0 

Silica  tdmorphau!*) 
cjel  40,0} 


EC- 


1.1   ■  E^GS^Onl^ dust  should  be 
used  around  electri- 
 cal  connections , 


1-0     E.            fl  OZ  EC/1  gal 
water,  J  


2.0 


0,5 


3.0  E. 


Non-Food  Areas:  Apply  by  spray  or  brush  to 
floor,  walls,  ceilings  or  other  infested 
areas. 

Pood  Preparation  Areas:  Limited  co  cracJt 
and  crevice  treatment  onJy.  Apply  small* 
aiwunts  of  cJionucal  directly  into  crevices 
such  as  expansion  joints*  between  equipment 
bases  and  floors  wall  voids,  junction  of 
switch  boxes*  etc.  Do  not  use  as  a  space 

ik±±mL  


See  Label. 


q,2S    E.    Prepare  1  gal  of  finish**! 

spray  by  adding  1  pt  2 
fl  OI  ECV3  qts,  14  fl 
0&  water.  Apply  1  gal/ 
7J0  sq  ft. 


Apply  a&  a  coarse  spray  to  areas  frequented 

by  'cockroaches. 


2d 


TABLE  A-l  (Cone) 


Application  of  Insecticides 
DO  NOT  SUBSTITUTE  THESE  KECDMMEHDAT I QNS  FOB  INFOKHATION  OH  LABELS 


■PEST-STAGE 


LDCATIOW-TYPE 
OF  TREATMENT 


PESTICIDE/ 
STOCK  STRENGTK/FOKH 


APPLICATION; 
STRENGTH,  RATE,  AND  HKUOD 


f&MARKS 


Cockroach 
Ccont) 


Itesidual- 
Outdoors 


I 

propoxur 
fBaygon-R.) 


Percent 

1-0  s 


Percent 

1.0  S 


Apply  as  a  residual  spray  or  by  punt  brush 
to  surface  of  buildings,  porches,  screens, 
window  and  door  frames f  patios  and  garages 


Space  treat*  t  'pyrethrins  plus  piperonyl 
treat,  indoors  |bu to* ide  and  MGK  264-f*  as 
synergists  N/5 


3-5.0        ultra  low  volume  tuiM 
application.  Apply  at 
rat*  of  1/2  Co/ 1,000  cu 
ft. 


ULV  treatment  can  only  be  used  when  area  is 
unoccupied.  Remove  or  refrigerate  all  ex- 
posed- food.  Extinguish  all  flames.  Open  all 
drawers,  cabinets  and  provide  access  to  walj 
and  ceiling  voids.  Shut  off  4I1  ventilation 
Wear  goggles  and  respirator.  Minimum  expo- 
sure time  of  one  hour.  Do  not  remain  in 
treated  room.  Ventilate  before  reentry. 
Wash  down  all  food  preparation  surfaces  be' 
fore  use.  Hot  to  replace  standard  crack  and 
crevice  treatments. 


House  i 

2*u 


Indoor- 
residual 


propoxur 
(Baygon-R. 1 


1.0 


1.0 


chlorpyrifos 
(Dursban-R. ) 


EC. 


biathlon 

I 


57.0  *EC- 


0.25-0.5  E.  0.U5-0.117  lb  actual/ 
5 i 000  sg  ft. 


3.0.  E. ,  OS. 


Apply  by  spray  or  brush  to  floors,  walls, 
ceiling  and  other  infested  zones  of  non- 
food areas.  Limited  to  crack  &  crevice 
treatment  in  food  preparation  spaces.  Avoid 
applying  to  ornamental  Plants.  Keep  child 
ren  and  Pets  out  until  dry 


Indoor-Baits 


propoxur 
(Baygon-R.  i 


2.0  B. 


2.0      B.    4  OZ/li000  sq  ft. 


See  remarks  under  Cockroach  Bait. 


Pes,  idual- 
Outdoorji  on 


propoxui 
{Baygan-R.J 


1,0 


1.0 


cUaainon 


47.5  EC. 


E.    (4  fl  oi  EC/3  gal 
water)  3  gal/1,000  sq 
ft.  1 


To  prevent  cricket  entry  into  buildings  , 
spray  a  5  ft  bind  on  soil  around  the  struc- 
ture and  on  foundation  wall  to  a  height  of 
2-1  feet.  Repeat  as  necessary.- Keep  child11* 
ren  and  pets  from  treated  areas  until  spray 
dries. 


Zricket: 
Mole 


ftutdoor- 
residual 


KepCne-R. 


0,125  B. 


0.125   B.    D.WL 2  lb  actual/5,000 
sq  ft. 


Apply  bait  evenly  by  mechanical  spreader. 


Cut  worn; 


Outdoor- area 
residual 


cnlor£fyrifoii 
(Duribta-Si.) 


40.8  EC. 
40.8  EC 


E.    0.M5  lb  actual/5.000 
£q  ft. 

E.   0.5  lb  actual/100  gal 
water. 


All  treatments*  Treat*  when  pests  first 

appear.  Toxic-  to  fish  and  wildlife.  Do  not 

allow  jnto  any  body  of  water. 

On  grass.  Lawn  should  be  moist  at  time  of 

application. 

Foliage  application.  Repeat  at  1  to  lO-'day 
intervals. 


diazinon  , 


47.5  EC. 


E.    U  fl  02  EC./3  gal 
water. J  3  gal/1,000  sq 
ft. 


On  lawns. 


A  %'1 


TABLE  A-l  (Ccmt) 

Application  of  Insecticides 
DO  HOT  SUBSTITUTE  THESE  RECOMMEMDATl OHS  TOR  INFORMATION  OH  LABELS 


I  PEST* STAGE 


LOCATION-TYPE 
OP  TREATMENT 


PESTICIDE/ 
STOCK  STRENGTH /FORM 


APPLICATION: 
STRENGTH,  RATE,  AND  METHOD 


JEHABKS 


Earwig 


Outdoor-  * 
residual  on 
l^wfid  and 
ornamental 
turf 


Percent 
chlorpyrifos      40. B  EC* 

tOursban-F..) 


propoxur  3.0  S. 

t&aygon-R.  J 


Percent  tf* 

E.    0-115  lb  actual/5,000 

sq  ft-  . 


l.D 


TO  Prevent  earwig  entry  into  building  spray 
5  ft  band  on  soil  around  structure  as  veil 
as  foundation  wall  to  a  height  of  2-3  feet 
Keep  out  of  any  body  of  water. 


Residual- 
indoors 


propoxur  l.o  S. 

[Baygon-JU 


1,0 


Apply  as  a  spray  or  brush  to  door  t  window 
sill*,  stoves,  cracks  and  crevices.  Use 
only  as  crack  £  crevice  treatment  in  edible 
product  areas/  ■   


Eye  gnat: 


Residual- 
outdoors 


No  pesticides  registered 


Space  treat- 
ment ~  outdoors 


See  section  under  outdo* r  space  treatment  for  mosquito  adult  fi 


Space  treat- 
ment-* ndoors 


synerqized  pyrethrins  «/s 


3*0      OS.  5  fl  oi/l.OOO  CU  ft. 


Cover  or  re&ove  exposed  food  and  food  hand1 
ling  surfaces.  Close  roc*  and  shut  off-all 
ventilation-  Depose  1/2  hour.  Do  not  retain 
in  treated  areas.  Ventilate  thoroughly  be- 
fore reentry.  Hear  goggles  and  respirator 
during  treatment. 


Fall  web- 
wor» 


S*>c  tent  cater] iUar 


irebrat 


si  lverfish 


propoxur  recownendation. 


Flea:  Cat. 
Dog 


Residual- 
indoors 


carbaryl  N/S 


D, 


5.0 


ronnel 


n7T 


2-5 


EC. 


1.0      E-    1  gal/l,0Q0  sq  ft. 


Residual- 
ciutdoor* 


diaainon 


1775  ecT 


~    il\  fl  oz  EC./3  gal 
water.)  3  gal/1, 000  sq 

et. 


pr  opojtur 


1.0 


1.0 


toalathion  K/S     5To  p. 


T7T 


EC. 


4.0       0.    1-2  lb/1.000  sq  ft? 


E-    5  fl  oz  EC./gal/l,QO0  sq 
ft. 


carbaryl  N/S 


D.    0.35-0.5  lb  actual/5,000 
sq  ft 


Sprinkle  lightly  on  floors,  rugs  and  furn- 
iture* Remove  with  a  vacuum  cleaner  afrer 
an  hour  or  two.  " 


Dt>  not  apply  in  edible  product  areas.  Spray 
floors*  walls,  cracks,  crevices,  including 
animal  sleeping  quarters.  Do  not  allow 
children  or  pets  to  contact  treated  surface 
until  spray  dries 


To  prevent  entry  into  structures  spray  a 
5  ft  band  around  building  as  well  as  the 
foundation  to  a  height  of  2-3  feet. 


Apply  as  spray  or  with  paint  brush  to  sur- 
face of  buildings,  porches,  screens,  win- 
dows and  door  Ails  r  patios  and  garages. 


Apply  to  pet  quarters*  yards*  lawns.  Repeat 
in  3-4  weeks  if  necessary..  Do  not  expose 
kittens  less  than  4  weeks  3f  age. 


[conO 


5*0    A.    25-30  seconds/18-2(J  lb      Spray  from  neck  to  tail,  legs  and  under 
dog.  15  seoonds/5-6  lb     body.    Repeat  in  1  days.  Wash  hands  after 
cat.  "application*. 
NOTE:    Consult  licensed  veterinarian  or  Veterinary  Servicess  Officer  <if  available). 


Anirrval  Treat-   aalathion  N/S  5,0 

tnerit: 
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TABLE  A-l  fCont) 


Application  of  Insecticides 
DO  NOT  SUBSTITUTE  THESE  RECOMMENDATIONS  FOR  INFORMATION  ON  LABELS 


?E5T- STAGE 

docation-type 
of  treatment 

PESTICIDE/ 
STOCK  STKENGTH/F0RJ1 

APPLICATION: 
f    STRENGTH,  RATE,  AND  METHOD 

KEHARK5 

-lea:  Cat, 
(com  I 

AaijwI  Treat* 
tnent:  [cent) 

Consul t 
licensed 

V**t**r  i  hat  i  iin 

or  Veterinary 
Services 
officer  {if 
available) . 

Percent 

(cent) 

Percent 

OS      E.    tl  fl  oz/oal  water.) 

Wet  anifftal  thoroughly.  Reoeat  in  2-3  weeks 
if  necessary. 

N/5       4.0  0. 

4.0  0. 

Make  complete  coverage.  Heoeat  in  2-3  weeks 
as  ftecessary.  Keep^ou^  of  eves. 

carbaryl   N/5      ■  D, 

2*0-5.0  0. 

Dust  liberally  over  animal  and  rub  thorough- 
ly -into  skin.  Kmp  out  of  eyes. 

1,0          [];p  or  wash* 

For  do9s  only.  p 

propoxur   H/S  A. 
(Baye,on~R. ) 

0.2S  A. 

Treat  a  5  lb  cat  for  3-5  seconds-  Treat  a 
15  lb  dog  for  10-20  seconds.  Use  proportion- 
ate times  for  various  animal  sizes.  Apply 
enough  to  dampen  hair  and  skim 

recti  on 

diethyl tolua&ide  7S.G  R. 
(DEET) 

7£-0  R. 

Apply  to  $kin  4nd  clGthirc^  as  requircd- 
Jtedp  our  of  eyes.  Damages  plastic. 

M-1960      30.0- JO. 0-30.0  IL 
l>batyl-2-eiftyl-L3-propaned: 

30-30-30  11. 
ol) 

To  clothing  only*  Follow  label  instruct  ions' 
carefully. 

Fled: 

fifl  tfltd  1 

rat 

Residual - 
Indoors 

carbaxyl   n/S  D- 

D.    0.1  o~.  actual /burrow. 

Dust  in  rat  runways  and  harborages.  Apply 
by  hand  or  power  applicator. 

Area 

carbaryl   W/S  0* 

0.   0*2  oz  actual/bait 
'station.  5 

use  A-&  bait  stations  per  acre. 

0-    1*0  lb  actual/Ac* 

Apply  by  hand  or  power  applicator  as  an 
area  dust  treatment* 

ftfctroqrade 

dichlorvos          19.2  Strip 

19.2  Strip 

riy:  Black. 
AduJr 

Outdoor- space 

See  Mosquito:  Adult. 

Persona J 
protection 

(DEET)  N/S 
Rutgers  615  S.O 
dinethylphtlwlate  $q 

Jt. 

Apply  to  skin  and  clothin9  as  requited. 
Keep  out  oE  eyes.  Damages  plastics.  * 

di ethyl toluamide  75.0  .  S. 

75.0  ft. 

Larva 

Larvicxde 

See  Mos^uitO:  larva.  . 

FJy;  Filter 
Adult 

flcalattfil 

La.va 

Filter  Bed 

Oxford  Filtercide-R.  $0.0  SC. 
(mx  of  in&lathicn,  roonelp 
chlordane)  N/S 

S.    1  part  SC  plus  Sfj  j^rts 
water. 

Refer  to  label. 

Fly  HOuse 
i  dth, 
AdUlt 

Residual* 
oucdoors 

naied  ff/S            50.0  EC- 

E.    H.fl  lb  dctual/4'j  'Jul 
watt*/ ;  J 

Lth*?e*lty  tftaat  rtsitijvr  Surfaces  such  A* 
u*jJJiif  iitams,  jj^t  rjfter^. 

fenthibn  n/5       93-0  EC. 

E.    0.062*0. 12rj  lb  n*:liwl/ 
<}al  water/5fX>  s«j  d.. 

Af )  y  tiG  a  ^^rso  Sfrftiy  nr  by  paint  brush, 
Aj'fly  to  interior  *itwl  exterior  surfaces 
Jrequunted  tiy  n^u:ti. 

malathian            57.0  EC. 

£.    IS  TbS  EC/1  qal-wni«) 
spot  treat  «j2y  "  r**te 
of  1-2  tjal/1.000  stj  ft. 

tJst'  f;rade  A  fur  indoor  ust,  ixi  rwot  apply 
l«  Edible  product  jrea:;* 

rormel  fj/S 

1.0      £,    1  9*1/1,00*3  ft. 

Apply  to  agricultural  trrcmiSLi;. 

N 
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TABLE  A-l  (Cont) 


Application  of  Insecticides 
DO  HOT  SUBSTITUTE  THESE  RECOfflBTOWlCTiS  FOR  IKFQfflATIOH  OH  LABELS 


PEST-STAfiE 

LOCATION-TYPE 
OF,  TREATMENT 

PESTICIDE/ 

STOCK  strehgth/forh 

APPLICATION: 
STRENGTH,  RATE,  AMD  METHOD 

REMARKS 

Fly:  House 
t  Filth 
Adult 
4cont) 

Residual- 
Outdoors 
(conU 

Percent 

propoxur  N/5 
teaygon-R.) 

Percent 

1.0     E.    1  gal/500  s$  ft. 

Apply  to  point  of  run  off.  See  fenthion 
remarks  above. 

Bai  t-dry 

ho  pesticides  registered. 

vet 

malathion      ■    57.0  DC. 

B.    [5  TBS  S?%  EC.  plus  7 
TBS  molasses  or  corn 
syrup  plus  1  gal  water.) 

Apply  as  a  bait  spray  over  the  surface  of  ' 
garbage  or  tenure*  Kay  also  apply  by 
sprinkler  can. 

dichlorvos  H/S  42.0  EC. 

0.5      8.  k  (1  U  Oz  45%  EC  plus 
k  3  oz  sugar  in  3  gal 
water.] 

naled  N/S          50.0  EC. 

b.   l  oz  actual/2.5  gal 
-rater.  JAdd  1/2  lb  sugar 
or  1/2  pint  com  syrup 
or  molasses/40  gal  fin- 
ished spray.) 

Space  treat- 
ment-outdoor 

See  flosquito:  Adult. 

Spice  treat- 
men  t- indoors 

FYrethrins  +      3.0  05. 
synergists 

3.0  OS. 

See  all  sections  under  indoor  space  treat- 
ment for  cockroaches. 

reSftethrin 

1.2     A.   Apply  it  a  rate  of  7 
seconds/1. 000  cxi  ft. 

ULV  treatment  can  only  be  used  when  area  is 
unoccupied.  Remove  and  refrigerate  all  ex- 
posed food.  Extinguish  all  flames.  Cover 
utensils.  Shut  off  all  ventilation.  Wear 
goggles  and  respirator.  Minima  exposure  time 
to  obtain  effective  control  of  pests  is  \$ 
minutes.  Do  not  remain  in  treated  room. 
Ventilate  veil  before  reentry.  Hash  down 
food  preparation  surfaces  before  use. 

Urva 

*< 

Directly  to 
sites  for 
larvae 

dimethoate  N/5   43.0  EC. 

1.25    E.    U  pt  EC  in  5  gal  water-) 
10  gal/1,000  so  ft. 

Treat  gttbage,  refuse*  manure  and  other  fly 
breeding  areas.  Do  Jiot  contaminate  water, 
feed,  or  any  body  of  water. Apply  as  a 
coarse  spray  or  with  a  watering  can. 

dichlqrvos  N/S    lO.O  EC. 

0.5-1.0  E.  U  qt  EC  in  16  gal  water] 
10  gai/1,000  sq  ft. 

iul«thion         57.0  EC. 

0.5      E.    <5  TBS  EC/100  5?  ft.} 

2  qts/100  sq  ft. 

paradichlorobenzene  1D0.O 

100.0  crystals  2  ©i/garbage  can 
every  1-2  weeks 

May  apply  to  pit  latrines  and  slit  trenches. 

Fly:  Stable 
Adult 

JcOflt* 

Residual- 
Outdoors 

Propoxur  '         1.0  S. 

1.0  s. 

Apply  to  screens,  doors,  window  frames  and  ; 
other  surfaces  where  flies  congregate.  Do 
not  treat  vegetation. 

Ravap-R.  N/S       23.0  EC 

1.0-2.0  E-  (1-2  gal  EC/25  gal 

water.)  1  ga  1/500-  1,000 
sq  ft. 

For  use  as  overall  application  to  ceilings 
and  walls  Of  horse  stables. and  around  gar- 
bage dumps,  use  higher  rate  for  extreme  in" 
testations. 

Re*idual- 
'Irtdoors 
teonU 

raetfcwxychlor  N/S  25.0  EC. 
Icont)               $0.0   VP.  j 

2.5      E.    (1  qt  EC  or  1  lb  WP/.2.5 

gal  water  J 
2,5     Su..  1  gal/500  Sq  ft. 

Apply  to  walii,  floors,  partitions  of  stable 
kennels,  oar  other  resting  sites.      not  con- 
taminate animal  foodr  drinking  water. (cont) 

eric 
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TABLE  A-l.  (Cont) 

Application  ot  Insecticides 


FE5>STACE 

UXATIO«-TYP£ 
*  OF  TREATMENT 

PESTICIDE/ 
STOCK  STRBiCTH/FORrt 

APPLICATION: 
STRENGTH,  SATE.  AND  METHOD 

ft£HARXS 

Fly:  Stable 
Adult 
<cont] 

Pesidual- 
Indoors 
fcontJ 

Percent 

fflethoxychlcr  S/S 
1cont) 

Percent 

t 

(conti 

or  jnilk,  Exclude  dairy  animals  during  treat- 
ment 

Space  treat- 
rwnt-Out doors 

naled  H/S                    EC.  | 
■ 

E.,OS.  0,05-0.25  lb  actual/Ac. 
AiipJy  0.5  to  2.0  <lal/Ac, 

Aerial  application.  Dilute  in  water,  fuel 
oil.  or  odorless"  kerosene. 

8S,0  S. 

i 

,    F-    (2  qt  5  in  soybean  oil 
or  HAH  to  pake  S  gal.) 
Apply  3-6  fl  oz/nin,ute 
at  5  mph. 

Ground  ULV  application:  refer  to  product 
label  for  specific  dilutions  and  directions 
for  equipment  calibration. 

Larva 

Marine  grasses 

No  pesticide  registered. 

Around  garbage 
and  manure 

Jkvap-R.  W/S      J3,0  £)C. 

1.0      E.    CI  gal  EC/25  gal  water  J 
1  gal/100  sg  ft  of  drop- 
pings or  garbage. 

Keep  out  pf  lakes,  streams  or  ponds.  r 

i 

drub: 

See  unite  grub 

Hornet: 

See  &ee 

Louse;  Body 
L  Head 

Personal 
App  licaUon 

\ 

nalathion          1.0  D> 
lindane            1.0  D^ 

1.0      D.    Apply  by  neans  of  hand 
L0    '  Ok   or  pouer  duster  to  head* 
eap.  sleeve*  the  back 
through  the  neck  opening 
along  the  seams  of  cloth 
ing  thoroughly  and  to 
crotch  fro*  front  to 
rear. 

Consult  medical  officer  or  entomologist.  Pat 
clothing  to  improve  distribution.  One  ounce 
of  dust  is  sufficient  to  treat  a  fully 
clothed  adult.  Sprinkle  excess  dust  over  bed 
clothing,  blankets  and  other  possible  louse 
habitats/  Repeat  at  2-3  week  intervals  as 
needed. 

carbaryl  K/S      S.O  D. 

r 

S.O  0. 

Consult  medical  officer  or  entomologist, 
Dust  infested  areas.  Rub  in  to  insure  skin 
contact.  Allow  du?t  to  rcinain  in  contact 
with  infested  areas  for  at  least  one  hour. 
"Repeat  as  needed. 

Louse: 
Pubic 
(crab) 

Personal  \ 
Application^, 

lindane  K/S  1*0 

1.0  ointment 

Issued  as  a  medical  item. 

carbaryl^  n/s  5,0 

■ 

See  remarks  for  Louse:  Body  &  Head t*  Person- 
al Application:  carbaryl. 

Millipede 

Residual? 
Around  Build- 
ings 

pjopoxur  l.O 

1.0  s. 

Treat  interior  and  exterior  paritaeter  of 
infested  areas  or  buildings. 

carbaryl           80,0  HP* 

Su.  1  lb  actual/lw  gal 

water/&,000  sq  ft.  Apply 
immediately  after  rain 
or  watering* 

Do  not  water  for  at  least  2  days'after  __  „ 
application-  Repeat  in  2  to  3  ueeks~fT*~ 
needed r 

lindane            12.0  *  EC. 

0*5      £.    1  gal/l>OD0  sq  ft. 

Apply  to  and  near  porches,  patios,  thres- 
holds, ground  litter* 

> 

diasinon         '  47.5  ec. 

E.    (8  fl  oi  EC/3  qal  wa^erj 
I  gal/1,000  sq  ft.  . 

2,0  O. 

2.0      0.    1-2  lb/1,000  sq  ft+ 

Residual' 
Indoors 

propoxur           See  Residual - 
[Baygan-KJ 

Around  Buildings;  prftpcocur. 

Ox 


TABLE JH  (Cont) 

Application  of  Insecticides 

DO  WOT  SUBSTITUTE  THESE  RBCCHHEMOWIOHS  FOR  WOgjWOT  OH  LABELS 


PEST-STAGE 

locm10h-type 
op  treathest 

PESTICIDE/ 
StOCk  STRENGTH /FORK 

APPLICATION!  . 
STSINCTSJ,  RATE,  WD  METHOD  - 

REKMKS 

Hite: 

Clover 

fte&idual- 
Indoors  or 
Outdoors 

Percent 
malathion          57,0  EC* 

Percent 

3.0           {2  TBS  BC/3  gal  water-)  ' 

fteet  interior  and  exterior  perimeters  of 

propojcur           KG  S. 
4Baygen-R.) 

1.0  s. 

infested  areas  or  buildings.  Apply  as  a 
coarse  spray  or  by  paint  irusb*  pay  parti- 
cular attention  to  window  and  door  sills, 
foundations  apd  other  areas  where  clover 
mites  may  enter. 

Residual' 

Qutdoots 

- 

diaunon           47.5  EC. 

E.    (4  fl  or  EC/3  9*1  water-J 
3  gal/1,000  sq  ft. 

* 

To  prevent  entry  into  buildings  spray  a 
5  ft  band  of  soil  around  the  structure  as 
well  as  the  foundation  wall  to  a  height  of 
2*3  feet*  Repeat  as  necessary*  Do  not  con- 
taminate any  body  of  water.  Toxic  to  fish 
and  wildlife. 

dicofol  N/5  EC. 
(Keltnane-R.) 

E.    D. 3-0.4  lb  actual/100 

f 

gal  water*  Apply  2.5 
gal/1* 000  sq  ft.  ~~ 

TO  control  mite  populations  and  prevent 
their  migration  to  adjoining  buildings* 
Treat  base  of  buildings  as  well  as  window 
sills  and  other  possible  entrances.  Apply  - 
to  lams,  shrubs  and  trees  near  buildings* 
Repeat  in  10  to  14  days  if  needed. 

H/S  WP. 

Su^  0.23-0*47  lb  actual/100 
gal  water.  Apply  2,5 
>  gal/1. 000  ft. 

chlorobenrilate  n/S  EC+#«P, 

E.,$u,  0.25-0.37  lb  actuaiAoO 
9*1  water.  Apply  as  a 
drenching  spray  to  limit 
and  shrubs. 

Above  remarks  for  Kelthane  apply  except 
apply  chlorobenrilate  to  lawns  within  15 
feet  of  buildings.  Repeat  in  7-10  days  if 

Spp??1  thoroughly  to  lawns.  Do  not  contain- 
ate  iwu  t*ypjf.  jivm**  ujiici  acitjj  uuivctr 
and  pets  away  until  dry.  Treat  lawns*  tall 
crasses^and  weedsr  ornamental  plants,  brush, 

4?5yato  H5n  or^otmng  as  required.  Re* 
peated  applications  nay  result  in  blisters 
at  bend  of  the  knees  and  elbows. 

Kite: 
Oiigger 
"Red  Bug'1 

Outdoor* Area 

diarinon           ^7*5    EC.  / 

£.    (lb  fl  02  EC/3  gal  water. 
3  gal/r,000  sq  ft. 

lindane             12.0  EC. 

1.0      E,   0.25r-0.5  lb  actual/Ac. 

Personal 
Protection 

diethyltoluamide  75+0  R* 
(DEE!) 

75.0  R. 

JM960    30.0-30,0-30.0  & 
(2-butyl-2-ethYl-li3-prcpaned 

30-30-30  ft. 
Lai) 

TO  clothing  only.  Follow*  label  instructions 
carefully. 

Hite: 
Spider 

Outdoor- 
Residual  on 
ornamental 
plants 

chlorpyrifos      40*6  EC. 
(Dursban-R,) 

» 

E.    (0.25  lb  actual/100  gal 
water.) 

Foliage  application.  Apply  as  a  coarse  . 
spray.  Do  not  use  on  poinscttias.  Keep  out 
of  any  body  of  water.  Toxic  to  fish  and 
wildlife*  Keep  children  and  pets  from  treat- 
ed areas  until  spray  is  dry* 

direthoate    N/5  23.4  EC. 

£*    12  tsp/gal  water.) 

Foliage  application  only  for  specific  or- 
namentals; refer  to  label.  Do  not  use  in 
greenhouses          ™                   "  *' 

tulathion          57,0  EC, 

E.    12  tsp/gal  water.) 

Cover  plants  thoroughly.  Avoid  drift.  Check 
label  for  plant  species  that  might  sustain 

injury.                                         ,  ! 

nicotine  sulfate  40.0  S. 

.$.    [3.0  tsp  S,/gal  water.) 

Foliage  application,  Add  0.5  pint  molasses* 

Residua L- 
dormant  spray 

superior-type  oil 

t 

FoLLow  directions  on  label. 

Follow  directions  on  label  since  some  plants 
may  be  injured. 

 'l 

TABLE  A-l  (Cont) 

Application  of  Insecticides  / 
DO  NOT  SUBSTITUTE  THESE  RECOMMENDATIONS  FOR  INFORMATION  ON  lABEtS 


r 

PEST-STAGE 

OP  TREATMENT 

PESTICIDE/ 
STOCK  STREHGTH/FOBH 

APPLICATION: 
STRENGTH,  BATE,  AND  JffiTHCD 

REWUKS 

Kite: 
L  Scabies 

Personal 

BHC  (lindane) 

Percent 
1.0 

Percent 

1.0       gamma  ointment 

V 

,APPly  to  infected  sHn  after  consulting 
physician . 

[nice;  Bird. 
Mouse  & 

Indoor  or  on 
Outdoor  walls 

ulatbion  _ . 

S7.0 

EC. 

\    E,    £2  tsp  EC/gal  water  J 

Remove  bird  and  rodent  nests  and  spray 
area. 

Tropical 

In'  or  on  roost 

Rabon-R.  tJ/S 

J.O 

o. 

T.O       O.    One  lb  dust/lOO  sq  ft. 

For  control  of  northern  fowl  mites  and 

rat 

areas 

50.0 

«p. 

1.0       £u.  F5  TBS  MP/gal  water.) 
I  pint/IOC  soj  ft. 

chicken  aites.  Treat  roost  areas  thoroughly, 
particularly  cracks  and  crevices. 

H/S 

24.  D 

EC. 

1.0       E,    C£  H  or  EC/qal  water. 3 
1  pint/100  sg  ft. 

Indoor -space 
spray 

pyrethrin, 
_synergired 

0,5 

A. 

0,S       A,    7  seconds/1, 000  ca  ft 
witft  aerosol  dispenser 

L 

Personal 
protection 

Sarc  as  for  ticks. 

Hale: 
Cricket 

See  Cricket: 

Hole 

jXosqu\i £3; 

Adult 

outdoor-space 
'treatment 

chlorpyrifos 
{Dursban-R. )  . 

EC. 

0.02S-0.05  lb  actuai/Ac 
(in  water  or  oil) 

u&k  low  dosage  in  light  to  medium  vegeta- 
tive cover*  Use  high  dosage  in  medium 
cover  or  Cor  faster  knockdown  and.:  longer 
residual  control  in  open  areas  and  those 
with  light  to  medi^.vegecatiyacovcr. 
Do  not  Allow  to  get  into  any  body  at 
water. 

naled 

85.0 

S. 

P     0  01-0  0?  lh  actual /Ac 

Grfiufu1!  flTV  anol  icafcirm  hv  BQ n- 1 h^Tma  I  OT 

thermal  fog  generator.  Refer  to  product 
Jdbei  for  specific  directions  for  dilu- 
tions and  equipment  calibration*  Do  not 
apply  over  shrimp  producing  areas. 

35,0 

S. 

fiS.O      S.    O.OS^D.ll  lb  actual/Ac. 

Aerial  ULV  application.  APPly  undiluted, 
use  higher  jfosa^e  where  heavy  vegetation 
exists. 

dichlorvoa  tJ/S 

22.8 

EC. 

1.0       F,    in  oil 

Apply  by  fogging  machines ..  Highly  toxic 
to  fish  -  avoid  lakes,  streams  and  ponds. 

pyrethrins  * 
piperonyl  hjtoaide 

c^o  uviethr ins  +  25l  DipefLmvl  but.- 

oidde  in  oil  ulv.  Use  0,002- 
0.GQ2S  lbs  actuaJAc.  rift*  raw 
2.0-2,25  Or/min  ac  5jm[>h. 

Use  Klearal-R-.  as  a  diluent..  * 

resnethrin  s/S 

SO.O 

(12,5  fl  ox/gal  light  mineral 
wl.  7*  viscosity,)  APPly  at 
rate  of  3  fl  os/AclO.QQ7  lbs 
actual/Ac  J 

tftv.  Keep  Out  of  lakes,  streams  or  ponds. 
Apply  by  truck  mounted  equipment. 

ma  lathi on 

BC. 

6.0*E.,0S.,F. 

Hay  bft  ineffective  due  to  resistance. 

(cent) 

<cont) 

S. 

9S.0  ULV 

Ground  application;  Use  undiluted  at  4.3 
oz  per  mi/Hiee-at  10  mph  vehicle  speed. 
Mass  nredian  diameter  of  droplets  should  noi 
exceed  17  tiicrons.  Aerial  application: 
Apply  at  rate  of  3  fl  ox/acre.  Toxic  to 
fisn.  Damages  auto  paint. 

.  i 

/ 

f  ■ 

TABLE  A-l  (Cont) 


Application  of  Insecticides 

1)0  NtJT  Mia^TITUTE  THESE  RfcCOHHEHPATJOflS  fOft  INFORMATION  ON  LABELS 


/ 

pest-$tju;e 

L  LOCAT10N-TVPE 
OF  TREATMENT 

PESTICIDE/ 
STOCK  STREHCm/FOlW 

APPUCATIOK; 
STffiNCni,  RATE*  AMD  METHOD  * 

REMARKS 

MuSL[Uittt: 
Adult 

LrtMtmcht 

Percent 

/ 

Percent  / 

/  ■ 

/ 

For  ground  applieatinn  in  Texas  and1  Florida 
only.  Tor  use  only  by  personnel' experienced 
and  knowledgeable  with  regard  to  correct 
calibration  and  use  of  proper  ULU  nonthermal 
equipment,  consult  label. 

U  A, hi  j  E  * 

ajIjIL  i            VJ.Jl  EC. 

J,.,.  OS,  (J  part  to  28  parts 
water*  c  .esel  oil.  or 
fuel  oil.)  . 

Spray  building  foundations*  shrubs;  low  trees 
and  lawn  areas.  Keep  children  and  pets  from 
treated  Veas  until  Sjiray  .iries..  Hay  burn 
vegetation . 

-  tiU>irv]  if***     a-  «  t:c. 

.  L*  *  j'O.MS-O.QS  lb  actual/Ac. 

; 

J 

Amount  per  acre  dependent  on. vegetation: 
Low  dosage  in  light  and  medium  vegetation 
cover*  High  dosage  in  medium  to  heavy.  Toxic 
to  sooe  aquatic  and  bird  life. 

]*o    s.  / 

Apply  to  screens,  doors*  window  frames, 
foundations  and  surfaces  where  mosquitoes 
congregate. 

N  S  7T.0  EC, 

t.l     (3/4  cup/gal  water.) 

rj-'i  sc. 

E.     0.05-0.07  lb  actual/Ac. 

/ 

j 

Hist  application.  Do  not  allow  to  drift  or 
use  oa  crop  land  or  pasture  lands.'  Adjust 
equipment  to  deliver  100  tjaUons  per  hour 
at  4  mph  to  cover  up  to  a  150  foot  swath. 

.Su..D-                lb  actual/Ac. 

r 

/         .  ' 

Hist  or  dust  application.  Thorough  coverage 
is  necessary  for  effective  control.  For 
optimum  control*  apply  in  early  morning  or  >. 
evening  when  air  is  calm  and  adults  are 
active.  Hay  Kill  shrimps  aitd  crabs. 

ivmiw  f,r  irt         J A* 

A.     Apply  at  7  steonds/liOOO 

Hemovr  or  refrigerate  all  exposed  food* 
Cover  utensils* 

l*yfVfhi  in           O.S  A, 

O.V     A.      lu  ft. 

TUh.rM.m           r*7..'l    '  \'X\ 

/      £.      (5  TBS  i:C/g<jl  water.) 
/                1  qal/l.CKJ?  cu  ft. 

Apply  to  walls  and  ceilings.  Do  not  cohtamin 
ate  f^*1.  Keep  children  and  pets  away  until 
sjitay  drjes. 

t  *  J  .u:,,*J 

Apply  liberally  to  excised  skin  and  where 
clothing  fits  tightly*  Avoid  eyes  and 
mucous  membranes.  Also*i  avoid  fQlds  of  £kin 
in  bend  and  behind  knees. 

HoktfuitO: 

Lirvi-  *.(♦♦ 
ft  mtT  I 

Abace-k  N/n 

O^S-O.S  lb  actual/Ac. 

Dosage  dependent  upon  habitat  -  .consult 
label-  Young  shrimp  in  treated  tidal  waters 
will  be  kiMed  at  these  application  rates. 

N/i>                    Lf.  . 

EC.    a..'S-0.7S  oz  actual/Ac. 

,                lb  actual /At\ 

Hay  be  toxic  to  fish  and  wUdlifc.  Do  not 
apply  to  ponds,  lake&r  streams*  or  other  ■ 
bodits  of  water  containing  tish.  Apply  as  a 
light  uiiiforn  sjTay.  Hrnodca^t  granules  uni- 
formly Over  BMist  ateds.  ^tandimi  poolsi 
raarshu:^  frwdmps,  tidal  areas  and  othor  aos- 
hjuitci  ljr«r*."dinn  sa  tes, 

f»t     Q.*Qf/-o*2  lb  actual/Ac. 

y 
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PEST-STAGE 


LOCWICW-TYPE 
OF  TREATMENT 


TABLE  A-I  (ContX 

Application  of  -Insecticides 
DO  HOT  SUBSTITUTE  THESE  RECOWttWDATlOMS  FOR  IHFQRMMTOK  OH  LABELS 


PESTICIDE/ 
STOCK  STREHGTH/TDBH 


APPilOOTCH; 
STRENGTH »  KATE,  AKD  METHOD 


RBURKS 


Hasquito: 
Larva 
(cont] 


Lamcide 
Lcont3 


aalathiOn 


Percent 
57-0  EC. 


*  - 

Percent 
£.f  OS. 


13  fl  oz'EC/Ac.  Wix  in 
sufficient  oil  vhen*app- 
lied  by  air  or  ground 
equipaent 


chlor  pyr  i  ffos     jUj  EC. 


E.     0.0 125-0. 05  lb  actual/Ac 


See  Label  for  habitat-dependent  rates.  Apply 
as  a  Hgbtj  unifona  spray.  Broadcast  oraffa  1*5 
uniformly  over  aoist  areas,  standing  pools, 
sarshes,  swamps,  tidal  areas  and  other  nos- 
juito  breeding  sites.  Toxic  to  sons  aquatic 
and  bird  life. 


(Dursban-R.)        1.0  G. 


paris  green  H/S 


1.0    C.     2.5-5.0  lbs/Ac+  over 

flooded  areas,  10  lb/Ac. 
for  pre-hatch  treatment. 


0,5-1. Q  lb  actual/Ac. 


Flit  MLO-R.      100.0  OS. 


100.0  OS. 


For  AedeSf  Fsorophora  and  Anopheles  spp, 
as  broadcast  application  under  general  flood 
water  conditions.  Must  be  Applied  before  4th 
Ins tar.  Repeat  as  needed. 


Ground  Application: 2-3  gal/acre  for  zero  to 


chlor pyr if os 
t Dursban-R. J 


0.115-0.11?  lb  actual/ 
5,000  sq  f  t- 


radium  vegetative  cover  and/or  surface 
debris.  3-5  gal/acre,  nediui*  to  heavy  cover 
and/or  debris.  5  gal/acre  in  sewage" ponds* 
Aerial  Application:! -"2  gal/acre  fcr  mediua 
vegetative  cover  and/or  surface  debris,  2-3 
gal/acre,  mediua  to  heavy  cover  and/or  debrl: 


Lawn  and  turf  should  be  moist  at  time  of" 
application.  Apply  as  a  coarse,  low  ptessure 
spray  in  150  Gallons  of  water.  Keep  out  of 
any  body  of  water.  Keep  children  and  pets 
off  treated  area  until  spray  pas  completely 
dried.  mm 

W  ;  


PUibug 


Residual- 
Outdoors 


40. 3 


EC. 


luVUd: 

JConenose, 


Assassin,  or  fa ssing  bug)    Wo  pesticide  regi 


nalathion  57.0 


tered  at  present  time. 


Scale 
Insects 


Residual" 
Outdoors  on 
ornamentals 


EC. 


iinethoate  N/5   23.4  EC. 


E.     (2-5  tsp  EC/cal  watfrr.) 


(2  top  EC/^al  water. I 


Check  label  for  specific  scale_ species  and 
rates.  Foliage  application:  Apply  as  coarse- 
spray  when  scale  "crawlers"  pave  settled  on 
foliage.  Xaep  children  and  pets  away  from 
treated  areas  until  spray  dries. 


ztineral  oil  and 
e&ulsifjer 


2.5  fl  oz/a,al  water  as 
needed. 


Primarily  for  treatment  of  infested  trees 
before  spring  budding. 


Scorpion 


Residual- 
Indoor  s 


Jiazinon  »/5      48.7  S. 


0.5  OS. 


47.5 


EC. 


0.5     E,      (2*5  TBS  EC/gal  water.) 


2.0 


2.0 


L 


(cont J 


fcontJ 


Thoroughly  spray  or  brush  or  dust  around 
door  and  window  sills,  baseboatds,  closets, 
storage  cabinets',  openings  around  water 
pipes*  wall  cracks  or  wherever  these  pests 
may  enter,  congregate,  feed  or  hide  in  the 
home.  Use  in  edible  product  areas  only  as 
crack  and  crevice  treatment..  Avoid  until 
dry. 


r*  ■  ■ 

JO 


Scorpion 

fcont] 


PEST-STAGE 


LOCATION-TYPE 
OF  TREATMENT 


TABLE  A-l  (Cont) 

Application  of  Insecticides 
DO  HOT  SUBSTITUTE  TllESE,  KECitftM NATIONS  ;QH  INFniCttTl;>N  ON  LAkt+L£ 


ReSldual- 
Indoors 


SiTv«r7Ts?r 


Snails  * 
Slugs* 


Residua l- 
i^itdoors 


diazinon 


Indoor y 


Gannon 


propcxur  1.0  S. 

JBaygnn-i<+) 


fteSJdual 


PESTICIDE/ 
STOCK  STRENGTH/FORM 


propoxur 
C£ay9on-R J 


Percent 
1.0  S, 


propoxur 
(Bayqon-H.l 


1,0 


2.0  D. 


47.5  EC. 


2.0 


4^.5  EC. 


57.0  EC, 


metaldenyde  N/s  10,0  G. 


Mesurol-K,    N/5   2,0  B. 


APPLICATION: 
STRENGTH,  RATE,  AtfD  ftOTOD 


tlEMAPKS 


Percent 
J.O  S. 


1.0  S. 


0.5   E+     U1]  TBS  JTC/^J  *aterJ 


2  +  0  D. 


0.5'  £.     r IS  TBS  EC/qsI  water.) 


(1  pt/2^  gal  water.) 


1>0  s. 


Treat  interior  perimeter  of  infest&d  'areas* 


Treat  exterior  perimeters  of  infested  areas 
or  buildings 


Make  spot  applications  to  surfaces  over 
whicb  tJiese  pests  crawl,  partioiJacJy  in 
crawl  spaces  under  houses  or  buildings. 


Dust  ail  areas  around  wdterpipes,  in  cracks, 
under  and  behind  cabinets  and  bookcase? 


Apply  as  a  coarse  spray  or  apply  with  a 
paint  brush  to  baseboards,  areas  around 
water  pipes,  cracks  -and  crevices,  surfaces 
behind  and  beneath  cabinets,  refrigerators, 
sinks,  stoves,  and  similar  areas  where  in- 
sects hide.  Do  not  allow  pets  or  children 
to  contact  treated  surfaces 


Treat  areas  where  pests  hide  or  tend  to 
congregate.  Apply  as  a  spray  or  with  a 
paint  brush.  Cracks  and  crevices  may  be 
treated  using  an  oil  can. 


10. 0  Li.  Apply  ift  accordance  with 
 label.  


2.0    B>     A. 32  oi  actual/1.000  sq 
ft, 


See  also:  Technical  Information  ttemoranda 
Hos.  1  &  5,  Ttie  Armed1  Forces  Pest  Control 
Board.  Apply  to  soil  around  plants.  Do  not 
use  around  food  crops.  Use  around  flower 
beds,  greenhouses  and  building  foundations 
Lightly  water  area  to  be  treated  before 
applying  bait 


Sod  uebwonit 


Area-residuil 
on  turf  and 
lawn 


chlorpynros  40+8  £C. 
(Dursban-kJ 


£.     to. 75  fl  oi  EC/30  gal 
waterJ  0,1-0.117  lb 
actual/5.000  S3  ft 


diazinCn 


'47.5  £C. 


Z.      (4  fl  oi  EC/3  gal  water/ 
1,000  sq  ft.)  


Thoroughly  wet  down  grass  a  few  hours  be- 
fore applying.  Do  not  permit  children  or 
pets  to  go  on  to  sprayed  grass  until  spray 
has  completely  dried.  Keep  out  of  laXes, 
streams  and  ponds.  


Residual- 
Outdoors 


pYopoxur  LO  5. 

(fcoyqorrFi.  ] 


1.0  S. 


Treat  interior  and  exterior  perimeter  of 
infested  areas  or  buildings. 


diannon 


47. S  EC. 


E.     Apply  4  fl  oi  EC/3  qal 
water/1,000  sq  ft. 


chlorpyrifos 
(Dursban-b.) 


See  Pillbug 


spray  a  5  foot  band  of  soil  around. building 
as  well  as  the  building  foundation  to  a 
heightof  2-3  feet.  Keep  out  of  any  body  of 
water. Oo  not  permit  children  or  pets  to  gc 
onto  sprayed  area  until  dry* 


TABLE  JiT\  (Cont) 

Application  of  insecticides 
DO  HOT  SUBSTITUTE  THESE  RECOMMENDATIONS  FOR  INFORMATION  OK  LABELS 


PF5T-STACE 


Spider 


LQCATIOM-TVPE 
OP  TREATMENT 


ftesidual- 
-  Indoors 


Fuwigant 


PESTICIDE/ 
STOCX  STRENGTH/FORM 


propoaur 
(Baygon-RJ 


Percent 
L.O  5. 


ciuorpyrifos 
(Pursban-ftJ 


«7B  EC, 


diazinon 


47,S  EC. 


7.0 


Ho  Pesticide  registered. 


APPLICATION: 
STRENGTH  i  KATE,  AMD  METHOD 


Percent 
1.0  5. 


0,25-0.5  E* 


o.S    b,   <;^tbs  EC/gal  water. > 


2.0  D. 


REMARKS 


Proposur  B*y  be  applied  to  interior  and  ex 
terior  perimeters  of  in  feat  fid  a»u  of 
buildings.  Spot  treat  with  propoxur  and 
others  where  spiders  tend  to  spin  webs: 
Around  windows!  doors  &ndr^Long  baseboards, 
luy  use  diazinon  as  a  coarse  spray  or  with 
paint  brush.  Diazinon  dust  is  valuable  in 
crawl  spaces.  Do  not  use  as  apace  spray, 
Keep  children  and  pets  off  until  dry.  ■ 


Spring tail 


Residual- 
Outdoors  On 
lawns 


diazinon 


47.5  EC. 


(4  £1  oz  EC/3  gal  water, 
3  gal/LOOO  sq  ft* 


To  prevent  entry  into  buildings  spray  a 
5  ft  band  of  soil  around  the  structure*  as 
veil  as  the  foundation  wall  to  a  height  of 
2-3  feet. 


Stored 

Product 

Pates 


Residual- 
Indoor  3 


aalathion' 


57.0  EC. 


diazinon 


47.5  .  EC. 


d.O    E.   ■■ 

ThS    eT  (2h  TBS  EC/gal  water  J 


/ 


Fumigation 


luadnuat 

phosphide 


For  exposed  stages  of  saw  toothed  grain 
beetle,  flour  beetle*  rice  weevil,  cigar- 
ette beetle,  drugstore  beetle,  Indian  seal 
moth.  Apply  to  shelves  and  cupboards  (after 
removing  food  containers  arid  shelving  paper] 
Do  not  replace  the  food  packages  and  paper 
until  spray  hag  dried 


55.0 


Mthyl  bromide 
+  chloropicrin  100,0  Fro. 


To  be  used  only  by  fumi  gators  specially 
trained  in  aluminum  phosphide  fumigation. 
Do  not  use  methyl  brcnide  to  fumigate  soya 
floor.  . 


Indoor  space 
treataent 


pyrethrins  + 
synergists 


3,0    OS.  f  synergists 
ULV  application 


Close  all  ventilation.  Do  not  contaminate 
food.  Apply  only  when  facility  is  not  in 
operation.  Wear  respirator  and  goggles. 
Ventilate  Prior  to  reentry.  


dichiorvus 


19. 2  C. 


Vapor 


Used  with  dispensing  apparatus, 
label.   


Comply  with 


terpillar 
t  Tall  web- 


Residual  on 
ornament a ls- 
Outdoors 


Jiajinon 


47.5  EC. 


eaxbaryl 


80,0  hp. 


B.    {Vi  fl  oe  EC/3  gal  watef 


Su.  (1  lb  actual/100  gal 
water)  ■  


alathion 


57,0  EC. 


K/S     25,  D  HP. 


E.    [2  tap  EC/gal  water) 


Su.  (2  TBS  WP/gal  water) 


Pathogen  for 
use  on  trees 
and  shrubs 


Bacillus  N/5 


HP. 


thuringiensis 


Su.  D.25-0.375  billion  inter 
national  units/3  gal 
water  on  snail  plots. 
2.0-B.3  BIU/100  gal 
water  on  larger  plots 
or  /Ac 


HP,  1.8-3.6  BIU/Ac. 


Apply  as  a  thorough  foliage  spray  when 
adults  first  appear.  Make  a  second  and 
third  application  at  4-5  week  intervals. 
Keep  out  of  any  body  of  water*  Carbaryl  in- 
jures Boston  Ivy  anj  Virginia  creeper^ 


Foliage  application.  Use  restricted  to 
Western  United  States  for  Great  Basin  cater 
pillar. 


i 
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TABLE  A-l  (Cont) 

.Application  6f  Insecticides 
DO  NOT  SUBSTITUTE  THESE  RECQMHEN0AT1DUS  FOR  lNFOEWATlOfct  Oil  LABELS 


PEST- STAGE 


LOCATION-TYPE 
OF  TREATKEMT 


PESTICIDE/ 
STOCK  STRENGTH/ FORM 


APPLICATION: 
STRENGTH,  RATE,  AND  METHOD 


REMARKS 


Termite ; 
dampvood 


All?  see 
'Application* 
column 


chlordane 


Percent 
72.0  EC. 


dieldrin 


15.0  EC. 


Termite : 
drywood 


Residual 


pari*  grwn  N/S  100.0  SP. 


Percent 

j.Q   E-   Same  as  for  subterranean 
termites  for  soil-inhibit 
ing  colonies.  


0.1  E, 


Same  as  for  drywood  termites  for  above- 
ground  colonies. 


100.0  SP, 


Force  dust  into  galleries  through  drilled 
holes  3/1G-1/4  inch  diameter  at  12-18  inch 
intervals. 


Fumigation 


pe  ntachl or opteno I 


sulfuryl      «/S    99.0  Ffo, 
fluoride 


Vn   CS.  See  para  7.7, 


methyl  bromide  9B.0  Pa* 
[containing  2%  chleropicrin) 


Termite; 
Formosan 


No  pesticide  products  are  re< 
Use  products  labeled  to  centre 


prmite; 
Subterran- 
ean 


PieS  lab 


chlordane 


ub-Slab 
[infection! 


Voids  of  piers 
masonry  vails 


5,4(1). 


Fm.  Dosage  is  calculated  based 
on  tempera t u re , exposure 
and  fumiqant  concentration 
loss  race. 


Apply  to  surface  or  drill  and  inject. 


Use  Fumiguide  B,  calculator.  To  be  used  b£ 
certified  fumi gators  only. 


Fm.  Apply  2S-3  lbs/1000  cu  ft 
at  temperature*  above  74°f 
Under  adverse  conditions 
use  3^-3  j/4  ibs/IOOfl  oxtt 


Some  materials  may  be  damaged  by  methyl-tro- 
mide?  check  labeJ  for  list  of  these  matt- 
er ials  .  To  be  used  b£  certified  appl icfltorb 
only.  


tered  for  controlling  this  termite 
1  subterranean  termites 


by  name. 


72.0 


EC. 


dieldrin 


15.0 


EC. 


1.0   £.    l.>  yal/10  so  ft  of  sur- 
0.3   E.    face  before  slab  is  pour 
ed.  4  qal/10  linear  ft  of 
trench  along  perimeter 
and  under  expansion  joints 
for  each  1  ft  of  degth 


Treat  after  compaction  of  fill  but  bofort 
Placement  of  granular  fill  usedb  as  capillary 
water  barrier. 


ehlordane 


72,0 


EC. 


dieldrin 


15.0 


EC. 


1.0  E.  3  gal/hele.  Inject  at  150 
O.J   E.    lb£/sq  in.  


Holes  drilled  at  12-1B  inch  intervals  6-6 
i_nches_from  cracks  and  expansion_joants,  _ 


,chl 


ordari* 


72,0 


EC. 


rJiPjdnrk 


15,0  EC^ 


Foundation  and  [ehlordane  _  72.0  ET. 
basement  walls  dieldrin  I&.Q  EC. 

and  grade  beam* 


1.0  E.  Flood  voids  at  rate  of 
[)j   p;.    2_gal/l0  linear  feet 


Foundations  of 
buildings  with 
craul  space 


fjrtps 


Xesidual  on 
ornamentals 


To   E.    4  gal/10  lin  ft/each  ft  of 
0.3   E.    depth  in  trench  1  ft  wide 
Apply  1/3  at  bottosv  1/3 
when  back-fill  half  con- 
sisted, and  i/jnear  top 


Mi*  well  with  back-fill.  Additional  *al 
per  sq  ft  6  in.  around  utility  openings. 
Trench  to  3  ft  below  grade  or  to  'top  of 
footing  or  base  of  grade  bean, whichever  is 
leaser  depth.  


ehlordane 


72.0 


EC. 


1.0 


dieldrin 


15.0 


EC. 


0.3 


E.    as  per  above.  Treat  out 
E.    to  cne  ft  on  alludes  of 
materials  which  contact 
tho  ground 


diazipon 


EC, 


malathion 


S7.0  EC. 


E.    U/2  fl  oz  EC/3  gal  water 


Examples  of  materials  which  contact  ground 
are:  walls,  grade  beams,  piers,  interior 
support  walls,  metal  ducts,  plumbing,  and 
electrical  conduits.  


(2  tsp  EC/gal  water! 


chlorpyrifofe 
lOursban-ft.) 


40.0  -EC. 


(0.5  lbs  actual/100  gal 
water) 


dimethoate   N/S    23.4  EC, 


E.    [2  tsp  EC/gal  water) 


Apply  as  coarse  spray  to  point  of  runoff. 
Foliage  applications:  check  label  for  plant 
species  that  may  sustain  injury  by  these 
chemicals.  These  products  are  toxic  to  fish 
and  wildlife.  Keep  oat  of  any  body  of  water. 
Do  not  apply  where  runoff  is  likely  to 
o'ecur.  Lto  not  allow  children  and  pets  to 
contact  treated  vegetation  until  dry. 
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TABLE  A-l  (Cont) 

Application  or  Insecticides 
DO  HOT  SUBSTITUTE  THESE  RECOMMENDATIONS  FOR  INFORMATION  ON  LABELS 


f£ST- STAGE 


LOCATION-TYPE 
OF  TREATMENT 


PESTICIDE/ 


APPLICATION: 
STRENGTH  p  RATE,  AND  METHOD 


Outdoor  area 
control 


Percent 
47.9  EC. 


Percent 

E.     (1*  fl  oi  EC/3  gal  waterj 
Apply  above  nUtuTft  to 
1,000  sq  ft. 


chlorpyritos  40-3  EC. 
[Dursban-R. J 


E.     0*25  lb  actual/40-100 
5*1  water /Ac. 


Rabon-R.  N/S 


EC. 
wp. 


0.S    £.     1  lb  actual/Ac. 


Su. 


Carbaryl 


BG.O  0- 


00. 0  D.     0. 125-0. 2b  lb  actual/ 
S,0OO  ft. 


Animal 
treatment 


licensed 
Veterinarian 
or  Vcturinary 
Services 
Officer  (l* 
available] . 


cirbiryl  H/S      2.0-5.0  P. 


2.0-5.0  D. 


carbaryl  n/s 


0,25  OS. 


5.0  dip  and  wash. 


na lath ion 


57.0  EC. 


T    M  fl  oz  EC/gal  water. J 


H/S  S.O 


5.0  A. 


Personal 


diethyl toluamide  75.0  ft- 
JOEET) 


75.0  R- 


M-1960  30.0-30.0-30.0  ft. 
f2-btftyl-2->ethyl-l,3-propaned 


oil 


Spray  a  five- foot  band  around  building  as 
well  as  foundation  wall  to  a  height  of  2-3 
ft.  Repeat  application  if  necessary.  For 
brown  dog  tick  spray  grass  and  under  shrub- 
bery, particularly  near  house.  Co  not  apply 
to  animals 


Apply  where  ticks  are  a  nuisance  or  are  a 
possible  public  health  problem.  Treat 
grassy  areata  low  underbrush,  weeds,  ground 
surface  and  debris,  ., 


Thoroughly  spray  infested  areas  usirtq 
approximately  25  gallons  of  spray  per  acre. 
Alio  treat  9rassy  and  bushy  areas  near  rec* 
reation  sites  and  along  foot  paths  and 
roadsides  leading  to  them.  


Apply  liberally  to  ground ,  debris*  and 
vegetation  to  a  height  of  about  2  feet  On 
lawns,  vacant  fields  and  wooded  areas 
around  the  frame*  Repeat  as  reeded. 


Oust  liberally  over  animal  and  rub  thorough 
ly  into  skin:  For  brown  dog  tick  be  sure 
also  to  apply  on  legs,  feet  and  between 
toes.  Keep  dust  out  of  eyes.  - 


Ruffle  coat  of  long-haired  animals  first 
and  spray  against  lay  of  the  hair.  Spray 
ticks  directly.  DO  cot  treat  puppies  less 
than  4  weeks  old.  Do  not  flet  in  eyes. 


Wet  animal  thoroughly.  Aepeat  in  2-3  weeks 
as  necessary. 


Apply  25-30  seconds  per  1G-20  lb  dog.  Spray 
from  necfc  to  tail,  legs,  and  under  body. 
Keep  out  Of  eyes.  Repeat  in  7  days,  flash 
hands  after  ^application 


Apply  liberally  to  exposed  skin  and  where 
clothing  fits  tightly-  Avoid  eyes  and 
mucous  membranes.  Repeated  applications  to 
folds  of  skin  at  elbows  and  knees  may  cause 
blisters.  Damages  plastic 


Clothing  repellent  only, 
instructions. 


follow  label 


Brown  dog 


Jtesidual- 
ludoors 


{cOnU 


chlorpyrifos  H/S 
[Dursban-R. ) 


(cont) 


0.5    t*  or  OS. 


Spot  treat  only.  Apply  as  a  coarse  spray  or 
with  a  paint  brush  ^o  infested  areas  such 
as  pet  beds  and  resting  areas,  nearby 
cracks  and  crevices*  along  and  behind  base 
boards*  window  and  door  frames  and  [cont) 


DO  NOT  SUBSTITUTE  THES1 

«LE  A-l  (Cont) 

?licitioa  or  Insecticides 

1  RECOHKEN&ATIONS  FOR  INFORMATION  ON  LABELS 

♦LOCATlQN-TyPE 
OF  TftEATMQfT 

PESTICIDE/ 
STOCK  STRBfGTH/TORH 

APPLICATION: 
STREMGTH,  RATE,  AMD  METHOD 

REHAftKS 

tick: 

Percent 

chlorpyrifos  H/S  tcont) 

Percent 

0.5     E.  or  OS. 

(cant). 

other  localised  areas.  Replace  aid  bedding 
after  treatment.  Do  not  treat  aiiinetJs.  Do 
not  allow  children  and  pets  to  contact 
treated  surfaces  until  spray  dries. 

projH>xur            1.0  S. 

IBdYiihjti'fti) 

1.0  s. 

1  Treat  infested  areas  particularly  cricks, 
|  crevices,  and  along  baseboards.  Apply  as 

a  spray  or  with  a  paint  brush.  Do  not  treat 

animals. 

carbaiyl            80.0  WP. 

o.a  su. 

Use  restricted, to  certified  pest  control 

dij^Lmm            .17. S  tC. 

t 

O.S     K,      (1*4  tl  o*/yal  water.) 

operators  only.  Apply  as  a  coarse  wet  spray 
or  with  a  paint  brush.  Thoroughly  treat 
cracks,  crevices,  baseboards,  corners, 
walls,  door  francs,  window  sills,  sleeping 
quarters  of  household  pets*  outside  peri- 
meter of  dwellings  and  other  areas  where  ' 
ticks  tend  to  congregate,  Repeat  as  needed 
ujl  to  rwice  a  week.  Do  not  treat  animals. 

K.s^iuat  - 

iil              Si-i-  Ticki  Ci-nur.il  • 

L-hhirpynfob      4v\8  EC. 
(Due  sti.ni- k.  > 

K.                        lbs  actual/ 
S,l)i)l)  s*j  ft. 

Apply  as  a  coarse,  low  pressure  sptay 
to  srass  in  150  gallons  of  water.  Lawn 
and  turf  should  be  moist  at  tine  of  appli- 
cation. Do  not  mow  for  24  hours  following 
treatment . 

:  Ki-dirfual-liutoors:  carbaryl* 

> 

VhlUfly 

nit  nJunt'ut  j1  j 

dla^m*>ti        41  J7.5  £l\ 

t.      HA*  tl  or  EC/1  gal 
water.! 

Apply  as  coarse  spray.  Keep  out  of  any  body 
ut  water.  Toxic  to  fish  and  wi  Idlife.-Oieck 
labels  to  determine  which  plant  species  nay 
sustain  injury  from  these  re?U>0ctLvo  chemi- 
cals. Do  not  alluw  fitpjn  contact  until 
spray  dri*-i. 

chlorpyrifos      <J0>B  EC, 
[Lhje  \ban-R. ) 

t.      (1/J  lb  actual/100  JJl 

wati-J  J 

L.       LJ  tsp  vaturj 

VhitHruh 

rwritdl  turt 

Jiazinan  N/S      14.  J  il, 

U.  i    ii,      L  Lb  0/1,000  ft. 

Water  *jraiss  thoroughly  after  application. 
Apply  any  timu  betvevn  laU-  July  and  early 
Dctobur.                  '  1 

s. a    ■     :S  Lb  iVitooo  ^  ft. 

P  r  i  l'It  1  rtT  t nn  M/^v  J.fl  FT 

Itt/hj*  L.S.-R.t 

E,      0/6  [unts  EC/1^  to  JU 
Ejdl  water.*  Apt*Lv  to 
v         JO  gal  tinibbt-d  mixture 
to  MlQO  sg  it. 

Apply  by  valcnng  Can.  hns?-end  sprayt-r, 
Compressed  air  or  commercial  power  s[>rayur* 
Wjtur  \jras*  and  allow  tu  dry  btfore  spray- 
ing. Do  rtot  water  jgain  lor  three  we^ks. 
Tt?x i c  to  bird^  and  vildJiZt.".  Do  nor  allcv 
children  and  \>ei$  on  aruj  anril  spray  dri^s 

Yellow 

See:  Bee 
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TABLE  A-2 

Application  of  Rodenticides 

rx1  Nl*T  S'JBSTmfE  RECORDATIONS.  t\)H  Iffl'JifflATlrtJ  Ofer  UUttUi 


P63T-STAGE 


Povkct  ^ 


LOCATION-TYPE 
OF  TREATMENT 


PESTICIDE/ 
STOCK  STRENCTh/fORH 


Percent 


£ophacid*-K!         0-2  B. 


APPLICATION:  ' 
STRENGTH,  RATE,  AND  METHOD 


Percent 


1*3  lbs  per  Acre  in  bur- 
rows spaced  a?.  20  foot 
intervals. 


REMARKS 


Place  in  artificial  burrow*.  Trtrjuwnc  oi 
natural  burrows  may  be  made  at  rati*  of  IS 
lbs  pet  acre  of  ar,ea  to  be  created.  Tor  us* 
only  by  personnel  experienced  in  pocket 
gopher  control.  


Ground 
Squirrel 


No  materials  ieqmi.*ied. 


Molt! 


Bait 


trychnme  N/5     0.3-0.85  B. 


0.J-0.B5  a. 


On  lawns;  roll  turf  or  press  down  sections 
of  raised  runways  with  heel  and  nark  the*e 
sites.  Probe  into  active  runways  which  will 
be  raised  tack  in  24  hours.  Probe  with  a 
sharp  stick  at  19-foot  intervals  and  drop 
several  particles  of  bait  into  the  probe 
bole.  Cover  hole  so  as  to  exclude  light  and 
loose  dirt. 


BUS*; 
Harvest, 
Jfeadow, 
Pine, 
White- 
footed 


Batt 


unc  phosphide  7fl.7 


1.0-**0  B,  <Hik  one  o*  of  toKicant 
with     oz  of  bait 
erials.  such  as  rolled 
cats  mixed  with  bacon 
grease  or  corn  oil.) 


Place  baits  next  to  runways  or  burrows.  In 
buildups  put  out  bait  u»  protected  boaes, 
secured  fron  children*  pet*  and  domestic 
amoals. 


Mouse; 
House 


Dry  Da  it* 
unticoauulant 


Ready  mixed  bait 


According  to  directions 
on  label. 


Universal  concentrate 
containing  dtphacinone* 
fumaitn,  pivai.  or  PMP, 


diphaciaone  H/S  0*1 


Eumann 


N/S  g,& 


pival 


H/S  0,5 


warfarin      N/S   0.  & 


PMP 


H/S  l.l 


O.ffflS  B,  (Hix  one  part  of  weight 

0,025  B,  Of  the  concentrate  to 

0,025  B.  Xj  parts  of  bait  mat- 

0,02b  B\  erUls  (ground  corn. 

0,055  B.  oats  or  other  grainJ 


fcrv  bait. 


zinc  phtfsphid*  74,7 


B.  (mix  toxicant  with 
fresh  bait  material* 
(cotn  meali  fish,  meat, 
fruit,  etc.;  at  race  of 
oik  ocgf  toxicant  to 
lt&  of  Jtoit  material 


Place  tablespoon  amounts  of  bait  at  fi  to  1< 
foot  intervals  where  nice  feed,  water  or 
travel  along  ualls  in  comers  and  in  con- 
cealed places.  An  uninterrupted  supply  of 
bait  should  be  rrumtjined  for  at  least  15 
days  or  until  all  wdiis  vi  rodent  activity 
have  stopped.  It  these  bait  mes  are  acc- 
essible to  children,  pets  or  domestic 
animals,  they  should  be  kept  in  tamper 
proof  boxes.  Rep  1  j re  contaminated  or' ex- 
hausted bait  within  24  hours.  Where  a  con- 
tinuous source  of -infestation  i$  present, 
permanent  bait  stations  should  be  estab- 
lished and  bait  replenished  as  needed, 
Baits  should  be  Picked  up  and  disposed  of ' 
upon  completion  of  control  progr«i*,  


Co  not  use  foods  which  vtll  be  attractive 
to  children,  such  as/  Candy,  cookies,  nuts 
etc.  auiLtJlttGS:  Place  tablespoon  amounts 
of  bait  at  8  to  10  foot  intervals  wheru 
mice  are  a^tiv^  Expose  along  walls,  cornets 
and  concealed  PWes.  Bait  placements 

tcontJ 


2u 


PEST-STAGE 


House: 
House 
[cent! 


LOCATION-TYPE 
OF  TREATMENT 


Dry  bait, 
other  (eont) 


Liquid  bait, 
anticoagu- 
lant 


Jniversal  concentrate  con- 
taining diphacinone,  fu*arin 
j>ml,  or  PHP. 


iiphacinone  H/S  0. 


ftinarifl       H/5     1. 20 


'arfarin  N/5 


PHP 


Tracking 
powder 


TABLE  A-2  (Cont)  . 

Application  oi  Bodtnticidta 
DO  MOT  SUBSTITUTE  THESE  REC0M*EWDWI0HS'  FOR  iKPQttlATIOH  OH  LABELS 


PESTICIDE/ 
STOCK  STKSMCTH/POW 


Percent 


APPLICATION: 
STRfWGltt,  RATE,  AMD  METHOD 


106* 


nval 


H/S  0.30 


0-127  C. 

to 

0.U  C. 


H/S  LI 


:hloroPhacinone  N/S  0.2  D. 


1 


Percent 


According  to  Label  directions. 


O.OOtt  B. 


0,14 


B, 


0.027$  B. 


0.0L  B. 


(Dissolve  the  prescrib- 
ed amount  of  concen- 
trate in  prescribed 
amount  of  wa  ter  J 


0*055  &. 


0,2       D-      1  lb/40  &q  ft  of  run- 
way area. 


REMARKS 


(coat) 

should  be  inaccessible  to  children,  pats 
or  domestic  aiUmIs  or  exposed  in  tamper- 
proof  boxes.  Collect  and  destroy  uneaten 
baits  at  the  end  of  72  hours.  Do  not  retreat 

with  rinc  phosphide  for  30  days  

Expose  liquid  bait  in  glass  ot  plastic  chicH 
watering  devices.  Place  containers  where 
nice  feed,  water  or  travel  along  walls,  in 
corners  and  concealed  places,  to  uninter- 
rupted supply  of  bait  should  be  iaiataifted 
for  at  least  15  days  or  until  signs  of 
mouse  activity  nave  stopped-  If  these  bait 
sites  are  accessible  to  children,  pets  or 
do&mic  animals,  they  should  be  kept  in 
ta&perproof  boxes,  when  water  is  exhausted, 
becomes  cloudy  or  otherwise  contaminated, 
replace  with  fresh  solution  within  24  hours 
Remove  all  other  sources  of  water  insofar 
as  possible.  Where  a  continued  source  of  in- 
festdrion  is  present*  permanent  bait 
stations  should  be  established  and  the  bait 
replenished  as  needed.  Supplement  with 
cereal  type  anticoagulant  baits.  Dead  sice 
should  he  picked  up  and  baits  disposed  of 
in  a  safe  manner  upon  conclusion  of  the 
baiting  program*  Pick  up  or  burn  all  car- 
casses of  pests  killed 


For  use  only  in  areas  where  there  is  no  - 
possibility  of  food  contamination  or  con- 
tamination of  surfaces  that  cot&e  in  direct 
contact  with  food*  Place  in  mouse  runways 
or  avenues  of  travel .  Dust  tracking  powder 
into  holes,  burrows,  runways  through  which 
nice  travel  from  nests  to  feeding  places. 
Repeat  treatment  as  necessary.  Place  in 
locations  inaccessible  to  children,  pets, 
wildlife,  and  domestic  animals,  or  in 
tamper  proof  bait  boxes 


dog 


Istrychrune    N/5     0,  1-0.5  tJ, 


0.3-0.5  a- 


Prebait  with  unpoisoned  grain  for  1  days. 
Scatter  tablespoon  quantities  of  bait  at 
edge  of  bare  ground  around  the  wound  on  the 
side  away  from  the  pile  of  dirt  removed 
fron  burrow*  Consult  Pish  and  Gaae  author* 
ities  for  presence  of  ^endangered  black- 
footed  ferret  before  controlling  a  specific 
town. 
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TABLE  2  (Cone) 

Application  of 'Rodenticides 
X  HOt  SUBSTITUTE  THESE  RECOWEHMTIOHS  FOR  iNFOBMXTIOt  ON  LABELS 


PES'p-STAGE 


Rati  Norway 


tcont) 


LDCnTlOH-ttPE 
OF  TREATMENT 


Dry  bait 


Liquid  bait 


(cant) 


Universal  concentrate  contain 
in$  diphacinone,  funarin, 
pival^  or  PHP.   


PESTICIDE/ 
STOCK  STHEHGffl/FQftK 


Ready  mixed  baits 


Percent 


diphacinone  ti/S  0.1 


furarin       N/5  Q.S 


N/S  Q.S 


warfarin      M/S  0.5 


PMP 


N/S  1.1 


APPLICATION: 
STRENGTH,  RATE,  AND  HETHOD 


Percent 

Apply  according  to  directions  on 
label. 


0.005  s. 


(Mix  on*  part  by  weight 
to  19  parts  of  bait 
materials  (ground  corn, 
oats,  or  other  grain) .) 


M2L 


a. 


0.025  6. 


o.os  a. 


zinc  phosphide  74.4 


diphac in  bait  block 


Universal  concentrate  contain 
ing  diphacinone.  furaarin, 
lval  or  php. 


diphacinone 

N/S 

0.106 

S. 

0.0015 

ftimarin 

Sf/S 

o.s 

C. 

i).]4  B. 

pival 

tt/S 

1.5 

c. 

o_J  a. 

warfarin 

ti/5 

0.S4 

s. 

0.01  B. 

PHP  i 

K/S 

1.1 

o.oss  a. 

EEKAffcS 


1.0-2.0  B.  (Hix  One  oz  toxicant 
with      lb  bait  mater- 
ials such  *s  diced 
fresh  coconuts  fish^ 

'  ground  meat.) 


One  btocfc  per  container 


According  to  label  directions. 


Dissolve  the  prescrib- 
ed amount  of  concen- 
trate in  prescribed 
amount  Of  water.) 


Apply  4  to  16  ounces  of  bait  per  placement 
Put  baits  in  locations  where  rats  feed, 
water  or  travel  along  walls,  in  corners  and 
in  concealed  places.  An  uninterrupted  suppl] 
of  bait  should  be  maintained  for  at  least 
10  days  or  until  all  signs  of  rodent  activ- 
ity have  stepped.  If  these  bait  sites  are 
accessible  to  children,  pits  or  domestic 
animals,  they  should  be  kept  in  tamperproof 
boxes.  Replace  contaminated  or  exhausted 
bait  within  24  hours.  Where  a  continuous 
source  of  infestation  is  present,  permanent 
bait  stations  should  be  established  and  the 
bait  replenished  as  needed.1*  Bead  rats  should 
be  picked  up  and  baits  disposed  of  in  a  saft 
manner  upon  conclusion  of  the  baiting  pro- 
gram. Each  of  these- respective  dry  bait 
percentages  may  be  used  in  cereal  baits 
Which  are  impregnated  in  paraffin.  The 
paraffin  bait  blocks  may  be  used  in  sewers 
and  other  damp  outdoor  locations.  These 
paraffin  bait  blocks  should  not  be  used  to 
replace  other  baits  in  dry  locations 


fie  not  use  foods  which  will  be  attractive 
to  children  such  as  candy,  cookies,  nuts 
etc.  BUILDINGS:  Place  tablespoon  amounts 
of  bait  at  8   to  10  foot  intervals  inhere 
rats  are  active.  Expose  along  walls,  corners 
and  concealed  places.  Bait  placements  shoulc 
be  inaccessible  to  children,  pets  or  domes 
tic  animals  or  exposed  in  tamperpxoof  boxes, 
Collect  and  destroy  uneaten  baits  at  the 
end  of  72  hours.  Do  not  re-treat  with  cine 
phosphide  for  30  days 


For  retrograde  cargo  only. 


Expose  liquid  bait  in  glass  or  plastic  chick 
watering  devices.  Place  containers  where 
rats  feedr  water  ot  travel  along  walls,  in 
corners  and  in  concealed  places.  Arrun  inter 
rvpted  supply  of  bait  should  be  maintained 
for  at  least  10  days  or  until  all  signs  of 
rodent  ^activity  have  stopped.  If  these  bait 
sites  are  accessible  to  children,  pets  or 

(cent) 
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.TABLE  A-2  (Cont) 
Application  of  £odenticides 
DO  MOT  SUBSTITUTE  THESE  RECOHKENMHONS  FOR  IKFORKATION  CH  LABELS 


PEST-STAGE 


LOCATION-TYPE 
OF  TREATMENT 


PESTICIDE/ 
STOCK  STWMCra/PO&l 


APPLICATION: 
STRENGTH,  RATE,  AND  METHOD 


T 


REHJUWS 


Percent 


Percent 


Hit:  Worvay 
I  Roof 
[cont) 


Liquid  bait 
< cont J 


lurro** 
function 


(cont) 

domestic  animals,  they  should  beHtept  in 
tamperproof  boxes.  When  water  is  exhausted, 
becomes  cloudy  or  otherwise  contaminated*  re- 
place with  fresh  solution  within  24  hours, 
Remove  all  other  source  of  water  if  possible 
Where  a  continuous  source  of .infestation  is 
present,  permanent  bait  stations  should  be 
established  and  the  bait  replenished  as 
needed.  Supplement  with  cereal  type  antico- 
agulant baits.  Solutions  and  dead  rats 
should  be  picked  up  and  disposed  of  upon 
completion  of  rodent  control  P  tog  raft.  


Calcium  cyanide  42.00  D. 


Apply  with  foot  pump, 
seal  all  exits. 


Do  not  use  in  burrows  which  extend  under 
buildings.  Soil  should  not  be  extremely  dry, 
Registered  for  military  use  only  and  for 
outdoor  use  only 


tood chuck 


iurrov 
fumigation 


Calciun  cyanide  42*00  D. 


2  tablespoons  placed 
18-20  inches  into  bur- 
row, or  use  foot  pump* 
Cover  all  entrances. 


Best  when  soil  is  damp.  Ectopatasijtes  will 
be  killed  also.  Registered  "for  military  use 
only.  For  outdoor  use  only. 
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TABLE  A-3 

Cbenical  Control  of  Bats  and  Birds 
00  MOT  SUBSTITUTE  THESE  KECOhKEKDATIOHS  TOR  IHFCRHATICH  OH  IABELS 


1 

p£ST-STAGE 

location  type 
of  treatment 

PESTICIDE 
STOCK  STRENGTH/FORM 

APPLICATION: 
STRENGTH,  RATE,  AND  METHOD 

REMARKS 

BdtS 

Roost- r^ildodl 

* 

Percent 

no  pesticides  teqistered. 

Percent 

t* 

Foost- 
repellent 

Naphthalene  flakes  100.0  C. 

100,0  C,    Apply  2,5  lb/1000"  eu  ft 
of. attic  scatter  flakes 
on  uapet  to  permit .re- 

Bats  may  leave. at  once*  but  will  return 
when  tepellcnt  odor  is  gone,  laoediate  bat 
uroofing  is  recoectended  to  prevent 
EfilfltaafiahflBu   

Blackbirds, 

Cowbuds, 

Sparrows 

In  or  on  nest- 
ing dfcij  roost- 
ing' 5lt*S 

Jwitrol^R,  N/5     0.5  B. 

0.5    B,   ready-npixed  on  wheat  or 
sorghum  grain*  nixed 
grains^  or  com  chops. 

see  note*  below, " 

BlacHbi  r4s. 
Catbirds, 

As  directed  by 
trained  pers- 
onnel 

Avitrol-R,  H/S     1^  >B. 

1,0    B*    ready-mixed  on  corn  chops 

See  note*  below. 

FK'dlOt£  and 
poultry  opera- 
tions 

StarilC>d£-r,  N/5  1«Q  B, 

9*   Dilute  Starlicide  accord- 
ing to  label. 

bee  note*  oeiow*  Hot  reyistereci  rur  covduu 
control „ 

In  or  on 

Compound  PA- 14  99,3 
fTergitoI-JU  «/S 

An  avian  sttessing  agent* 

See  note*  below. 

Crows 

directed  by 

trained  per- 
sonnel 

Avittol-R.  H/S     1.0  Q. 

1*0    .  B,n   ready-mixed  on  whole^corn 
grains. 

^ee__nwe^below* 

Gulls 

As  directed  by 
twined  per- 
sonnel 

Avicrol^ft.  tf/S     25,0  powder 

£L   Consult  label  to  prepare 
bread  bait* 

 '  :  —  — 

Galls  are  protected  by  lav  and  treaty  *  Sec 

notej  be low * 

Pigeons 
(feralj  — - 

In  or  on  nest- 
ing or  roost- 
ing sites 

Avitrol-R,  N/S    0-5  B, 

0,5    B,   ready-mixed  on  whole  corn 
grains. 

See  note*  below- 

Sparrows 

See  "BUckbind 

.4  Cowbirds,  Sparrovs"j above. 

* 

  - 

Starlings 

Feedlats 

1  ■ 

Avitrol-R,  N/S  1.0 

1,0    P,   Ready-mixed  on  pelletized 
bitd  feed. 

See  note,  below. 

0,8  B, 

0,8  -  B,   ready-mixed  on  com  chops 
and  peanut  butter. 

50.0  powder 

el  consult  label  to  prepare 
bait. 

Also  see  "Blic 

birds »  Cwbirds,  Starlings*/ 

ibove. 

NOTE; 
• 

IT  IS  MANDATOR 
BY  THESE  REGUL 

THAT  USERS  OF  AVICIDES  ACCUA 
iTlONS  IN  ALL  BIRD  CONTROL  ACT 

.  1 

:ST  THEMSELVES  FIRST  WITH  LOCAL,  STA 
VITIES, 

rc,  akd  federal  regulations  and  be  Guided 

- 

op 
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TABLE  A-4 

Specific  RteoniMitdatiMH  To  Costiol  Woo Plonlc  in  Sown  fUgiont  of  thi  Unilw!  Statu  - 


DO  NOT  SUBSTITUTE  THES 

E  RECOMMENDATIONS  F6R  INF01MATI0N  ON  LABELS 

Region' 

Brush  controlled 

Cbenictl 

|  Rale* 

Remarks  4 

I&2 

Most  brash 

21b.peraac«  21b7iM 
gaL  rarer  (as  adrtjichiftg 
spray) 

Buckbnuh  tad  hazel 

2,4-D 

2  lb.  per  acre 

In  late  Hay  eo  aid-June 

Hard-to-kill  species 

2,4-0  + 
2,4>T 

3  co  6  lb.  in  10  to  25  gal.  oil 

Use  as  step  and  foliage 
spay 

Elderberry,  ela,  easiero  red  cedar, 
sassafras,  same,  sveetguo, 
syraoort,  vihur,  wild  plum, 
honeysuckle  (cop  kill) 

2,4-D  + 
2,4t>T 

B  h  per  acre 

/ 

,  \ 

3 

Blackberries,  brambles,  cocoon 
pcTsimmoQ,  prairie  rose 

2,4,5-T 

3  to  41b.  in  25  gal,  oil  +75 
gal  water 

Drcncb  foliage;  use  in 
late  summer;  atoij 
drift  to  cotton 

Buckbrash,  skuflfchnish 

2,4*D 

c 

2  lb.  per  acre 

-do- 

4 

Aider*  bhejack,  post  and  Turkey 
oafc,  ptfjiiaaoft 

2  lb.  per  100  gaL  water 

Drcncb  foliage  of  Turkey 
wkwMaydf  June;  per- 
simoMMt  and  post  oak,  in 
July  iod  August 

Mose  deciduous  upland  ^hardwoods 

2.4>T 

2  lb,  in  5  eo  6  gat,  oil-water 
emulsion  per  acre 

Aerial  spray 

Resistant  species 

41b.  io8Eol0gah  per 
acre 

Aerial  spray 

5 

i 

Willows  and  cot tonwwd 

2>D  + 

3  to  4  lb.  per  JOP  ^ah  of 
.water 

Dieoch  foliage 

Chokccberries  and  wild  lose 

¥  * 

2,4,5-T 

Jro 4  lb, pet  100 gal,  of 
water 

Drench  foliage 

Sagebrush. 

2>D 

2  lb.  per  acw 

...TABU  A-4  (Ccmt) 
Sptcifit  Recommendations  To  Control  Woody  Plants  in  Seven  Regions  of  the  Drifted  States 


Rejt  ton1 

Brush  conirollcd 

Chemical- 

RaicJ 

Remarks 

6 

Mtitjuiic  (original  growth) 

2,4>T 

i 

]/ J  lb.  per  acre'  in  oil*water 
emulsion 

Use  [fl  ro  3/4  lb.  per 
acre  ootegrovch 

Mesquire  (dense  stands) 

3/4  lb.  in  I  gal,  dicselfnel 
+  8  gal.  water  per  acre 

Shirmery  oak 

M.5-T  ; 

,  1/2  lb-  in  dierscl  fucl.or  oil- 
,  water  emulsion 

Apply  annually  for  3  years 

Pqst  oak  > 

UK 

2    per  acre  in  dJescl  fuel 
or  oitarare^effiulsioQ 

Apply  2  successive  years 

Sand  sagebrush 

2,4-D 

lib.  per  acre  in  die  sel  fuel 
or  oil-water  emulsion 

t 

7 

General  sprayiog  j 

2.4-D  + 

Z  lb.  in  1  gat.  dieselfueU 
water  ro  make  40  gaL  per 
acre 

4 

} 

Coyoie  brush 

-do- 

-do- 

10  gaL  per  acre 

Jo- 

•do-  , 

100  gaL  pet  acre 

Aerial  spraying  in  California 

-do- 

I  to  i  lb.  in  1  gaLdiesel 

•41 A 1   j.  firaffep  tn  wnnwM    ill  AA  1 

IUC1  t  waici  lo  uULKC  iv  gal* 

pet  acre 

Individual  plants 

Jo* 

4 lb.  in,  1  gal. dicselfuel 
+  98  gal.  water 

Drenching  spray 

Deciduous  trees 

-do-  J 

8  to  12  lb.  in  98  gaL  diesel 
oil  j 

Thoroughly  wei  base  of 
tree  trunk 

Evergreens  - 

-do* 

4  lb.  in  1  gal.  diesel  oil  in 
90  gaL  water 

Drenching  spray 

*See  Figure  1  for  regions.  ' 

JR«es  tmn  art  For  lowvohulc  ester  formuUcioris.  If  volatilization  is  likely,  use  an  amine  slat  formulation  in  water  and 
'  irtcrem  tut  50  per  cent.  « 
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TABLE  A-4  (Cont) 
Hubicidii  for  Trwting  Latgtr  tint  and  fiitih 


w  trnr  smsTTrrm?  THESE  RECOMMENDA riOHS  FOR  INFORMATION  ON  LABELS'        -  ■ 

Merf^of  appJiation 

Chemical  and  tare 

Plants  controlled 

/  Reoirls 

Basal-bark  (trunks 
less  than  in 
diameter) 

Ester  of  2,4f5-T  12  »  14>  lb.  in  %  to  1M 
1*l  djcsct  fuel 

"  Most  hardwood  species 

CovetiaJI  eiposed  bark  just  above 
|rwod  tine;  Jet  spray  rur  down 
to  bud  zone;  treat  at  anytime  of 
year 

Slump  ' 

Esterof2>Dor2,4>Tl2iol6  lb.  in 
So  gal.  dtfwl  fuel 

Most  woody  plants 

Cover  thoroughly  the  new  food  of 
cut  Stump  arid  bail  to  the  ground; 
Beaut  anytime  of  yeat 

4  to  6  lh.  AMSper  pi.  watet 

Asb,  boxelder,  cotton- 
wood,  maple,  plum, 
willow 

Use  I  tablespoon  per  2  inches  of 
diameter;  spray  ot  paict  larger 
1  stumps;  use  crystals  for  stuupt 
/  under  2  inches 

Frills^orTjrdles 

Ester  o(2,4>Tot2,4,5-T +  2,4-0 16  lb. 
per  100  gal  <fiesel  fuel;  atnjiic  salt  of 
these  fiShicides  rn  water  is  sarisfecMry 
id  watm  weather 

Host  woody  plants 

Treat  at  any  time  of  year 

m 

41b,  per  gal.  of  water 

Ash,  quaking  aspen,  /  . 
hickory,  maple,  pecao,  , 
common  persimmon, ; 
biackjackoalt,post 
oak,  red  oat,  sweet  gum 

Cups  or  notches 

AHS 

i/Z  oz.  of  crystals  per  jotch  or  cop 

■ 

Treat  at  anytime  of  year;  space 
tqys  about  6  inches  apart 
around  trunk 

Injections 

Esrtf  of  2,4>T;  33  A-  «  100  gal.  diesel 
fuel;  amine  salt  of  2,4,5* T  in  water  is 
preferred  in  warm  weather 

For  most  hard  woods 

i 

Treat  at  anytime  of  year 

/ 

Ester  of2^>Tf  2,4-D;  44  lb.  in  IOC  jaL 
dtescl  fuel;  amine  salts  of  these  herbi- 
cides are  preferred  in  warm  weather  [ 

-do* 

Treat  at  anytime  of  year 
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TABLE  A-4  ' (font) 
Herbicides  for  Weed  Coefrol  in  Ornamental  Plantings 


Herbicide 

Rate' 
pa  aere 

Time  of 
application 

Weeds  J 
■   controlled  / 

Remarks 

Sail  fumigant^                   f  j 

Glciumcyananide 

50 10  75  Jb.J 

Pieplant 

Weed:  geminating 
,   in  upper  4*  of  soil 

Work  into  top  soil;  delay  seeding 
J-6  weeks 

Meihaa 

1*' 

Pieplant 

Most  weeds 

/ 

Work  into  soil;  plant  14  to  30  days 
after  treatment'. 

Methyl  biocnide 

1  to  2  lb,1 

Preplaot 

Most  weeds  j 

/ 

/ 

Use  gastight  cover;  platting  may 
be  done  72  hows  aUer  cover  is 
removed 

Methyl  bromide  +  cblotopicrin 

JOO  to  500  1L  . 

Prep  lam 

Annul  andpereO'  . 
nial  weeds'  and 
grasses  j 

Use  gaslight  covet  24  to  48  hours; 
seeding  48  to  72  hours  after 
removal  of  cover;  for  transplant* 
ia^aereare/or  7  to  10  days 

Methyl  isothiocyanate  y 
chlorinated  C;  hydrocarbons 

40  to  50  gal. 

Preplant  . 

General  weed 
control; 

Use  gaszighr  cover;  some  weeds 
are  controlled  without  cover 

Selective  herbicides 

Bensulide 

10  to  15  lb. 

After  plants  are 
established 

Germinating  crab- 
grass  and  other 
annual  weed 
grasses 

for  well  established  plants 

Cacodylk  acid 

1  to  2  gal, 

Posi  emergence 

General  control  of 
established 
weeds 

Use  as  d«*ected,  spray;  inacrivated 
on  conracr  with  soil 

CDF.C 

4  to  6  lb. 

Post  planting  in 
spring 

Germinating  annual 
weed  grasses  and 
some  broadleaf 
weeds 

Use  as  directed  spray  in 
established  ornamentals 
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TABLE  A-4  (Cont) 
Herbfcidtt  f$  tft*d  Control  id  OfMffltfltal  Pleittiaji 


i 


9 
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Herbicide 

Rate1 
per  acre 

Time  of 
-application 

feeds 
controlled 

Reaurlcs 

r 

Selective  herbicides  -  continued 

Qlorpropham 

4  to  8,1b. 

Preemergenee 

Germinating  annua] 
,veed  grasses  and 
broadleaf  we*ds 
in  conifers 

Use  as  directed  spray  and  avoid 
coctaci  vitb  base  of  plants 

9tolVlb. 

Preencrgence  in 
early  spring 

Many  germinating 
annual  weed 
passes  and  soae 
broadleaf  wteds 

Do  not  disturb  soil  after 
application 

V  F 

fl  i  j"  h  I  ft        I  f 
WiLlUuCjCiJU 

opiDg,  wic  law 
and  early  wmrer 

win*  p*,na&  nt 

germinating 
graces  and 
broadleaf  weeds 

— : — €t     ,  r- 

U5C  111  CMwtlauCQ  wUUUJ^ 

otDameoials 

2  lb.  +  SO  gal. 
aromatic  oil  . 

Post  plant  iti 
early  spring 

Established  and 
gemmating 
ann,  J  weed 
grasses  and 
annual  broad- 
leaf »etds 

Use  as  a  directed  spray 

DjpJbrwmiii 

4  »6Jk. 

Prreocrgeijce 

V 

Mkay  germinating 
m  annual  weed 
'   grasses  and 
some  broadleaf 
-  weeds 

Use  in  established  plantings, 
either  over  top  oc  directed 
spray 

hV\( 

3  to  6  lb. 

Pr r  or  post 
plant 

*do- 

Musr  be  soil  incorporated 

Njpralam 

4  to  8  lb. 

Before  or  after 
transplanting 

■do- 

Use  in  wondy  plants  only;  direcr 
spray  so  as  to  strike  nursery 
stock  3"  or  less  above  ground 
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TABLE  M  (Cont) 
Hoibicidos  for  flood  Control  in  Qmottntd  Plant  lugs 


Herbicide 

Rate1 
per  acre 

The  of 
application 

Weeds 
controlled 

Remarks 

Selective  herbicides  -  continued 

N«ei 

ltojlb. 

Preemergence 

General;  geminat- 
ing weeds 

Uavnseinwootyaodberbaceotts 
ornamentils;  lasts  2  to  4  weeb 

Paraquat 

1  to  2  qt. 

Ifcen  weeds  are 
young  and 
succulent 

Annual  weeds  and 

tops  of  pereaaiai 
weeds 

Use  as  directed  spray;  mid  drift 
* 

PCP 

aromatic  oil 

Post  plant  in  early 
spring 

Established  and 
germinating 
annual  grass  tod 
broadieaf  weeds 

Use  as  directed  spray 

PfCOCCTfOC 

2co3lb. 

Preeoergcnce 

GcacraJ,  gemioar- 
ing  weeds 

Hay  be  tssed  as  directed  spray, 
post  emergence 

Sesone 

5  to  6  lb. 

-do- 

Geminating  annual 
weed  passes  and 
tradlcaf  weeds 
in  conifers 

Use  as  directed  spray  and  avoid 
contact  with  base  of  plants 

Sufiizloe 

2-1/2  to  5  . 

khll  or  spring 
before  weeds 
emerge 

Germinating  annual 
weed  grasses 
and  broadieaf 
weeds,  also 
quad  grass 

For  use  in  establishing  woody 
ornamentals 

Stoddard  sol? eat 
Terbacil 

50  to  100  gal. 
2  io  4  lb. 

Pose  plant  when 
vcods  arc  up 

In  spring  before 
weeds  emerge 

General  for 
established  weeds 

Germinating  annoal 
grass  and  brad- 
leaf  weeds 

Use  as  directed  spray  on  weed 
seedlings  between  rows 

Keep  off  foliage;  do  not  use  on 
lawns,  walks,  or  driveways 

Trifluralin 

o.;  to  lib. 

> 

As  preplan  in 
ornamentals; 
when  needed  in 
established 
ornamentals 

Germinating  animal 
grass  and  some 
hroadlerf  weeds 

Must  be  soil  incorporated;  long 
KAge  control 

'Rates  tod  cmce^tnttions  ve  in  terms  of  aced  equivalent  or  active  ingredients,  nmt  necessarily  of  cooaejqid  Jwmdauoa. 

3Ritefof  1,000  squaie  feci.  .  j 

3R«e  for  100  H«Je  feet.  , 
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TABLE  A-4  (Cent) 
Htibicices  lor  Weed  Cental  is  Lows  and  Tart 


\ 


■DO  HOT  SUBSTITUTE  THESE  RECOrMNDATM 

S  FOR  INFORMATION  OH  LABELS 

Herbicide 

Race  per 
acre1 

Tine  of 
application 

feeds 
controlled 

Remarks 

Grass  and  broadleaf  weeds 

* 

Calcium  cyanamidt 

2,200  lb! 

3  weeks  befote  seeding 

fork  into  a  noise  and  veil 
prepared  seed  bed 

DC1PA 

10  to  12  lb. 

Early  to  mid-April 

Crabgrass  and  many 
other  annual  grasses 

For  professional  turf  manage* 
cue  at;  do  act  use  ob  dicboa- 
dra;donK;eedfor3 
mombs  afc;r  treatment 

Diphrnamid 

8io20lo. 

Fall  and  spring 

Fordkboodra  lavas 

 ;  

Hndothall 

21b. 

Vhen  moisture  favot$ 
goSd  turf  growth 

Burclover,  heobit, 
knotweed,  pemiy- 
won 

■tf   7—  

Temporary  turf  browing  if  air 

temperature  is  am  80°F.,  * 
and  dry 

Me  Cham 

114  gal. 

Prep  (anting 

Put  on  well  prepared  and  fine 
seedbed;  can  seal  id  with 
water  without  a  covet;  lasts 
about  2  weeks 

Methyl  bromidt 

454  lb. 

When  air  and  soil 
tempcfatires  are 
above  65gF. 

r  Most  species 

May  seed  2  to  3  days  after 
treanueii ;  poisonous,  atra 
precautions  necessary  < 

Methyl  bromide  y 
cblotopicrifl 

500  to  600  lb. 

-do- 

Mosr  species 

Inject  into  the  soil  and  cover J 
with  gas  tight  cover  within 
20  minutes;  poiMJoous,  extra 
precautions  necessary;  fol- 
low directions  on  label  . ' 

Mnhvl  i*othio 
.  cynarc  i  chlor* 
jfiaid 

hydrocarbons 
i~  ,  —  —  

28  (o  57  gal. 

-do- 

Clover  with  gas  tight  cover  fof 
1  week;  poisonous,  extra 
precautions  necessary 
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TABLE  A-4  (Cont) 


Horbkidei  (or  WW  Control  in  Uwni  oriJ«rf  -  - ; 
DO  NOT  SUBSTITUTE  THESE  RECOMMENDATIONS  FOR  IHFOSMATICW  OH  LABELS 


Herbicide 

acre1 

Time  of 
application  - 

feeds 
controlled  * 

Remarks 

Grass  aod  broadleaf  weeds  -  continued                    > h 

Paraquat 

lib. 

then  weeds  are  in  3  to 
5  leaf  stage 

Prepare  seed  bed  first  and  let 
weed  growth  stare;  after 

treatment,  seed  vtcfa  little 
*  soil  disturbance;  always  use 

an  appropriate  surfactant 

Grass  weeds 

5  to  6  lb. 

Summer 

Mostly  for  crabjriss 

,  If  temperature  is  cm  fltFF. 
reduce  rate  of  application 

Hcnefm 

£  to  3  lb. 

y 

Before  germination  of 
itmwl grasses 

Do  not  use  on  bent-grass  put* 
ting  jreeas;  may  weed  vidua 
3  months  after  treatment 

Bensulide 

10  to  20  lb, 

Mostly  for  crabgrass 

Apply  to  established  -turf  only; 
do  not  oraseed  vi:bb  6 
months  aftec  treatment 

Dalapon  . 

10  lb. 

Through  season  on 
actively  growing 
grass  * 

Perennial  grasses 

Will  injure  all  grasses;  botb 
spot  treatment  and  preplan!; 
repeat  applications  may  be 
needed;  seed  lawn  3  to  4 
weeks  after  last  treatment 

DSMA 

J  to  6  lb. 

Spring  and  early  suaraer 

Gabgrass,  dallis- 
grass  sandbar ,  fox- 
tails,  johnsongrass 
seedlings  and 
others;  also, 
cbickweed 

May  need  1  to  3  applications  at  t 
7  to  10  day  intervals;  do  nor  / 
use  on  St.  Augustine  or  / 
cenripede  grass  / 

i 

?  to  6  lb. 

•do* 

•do* 

•do-  1 

.  Petiolcum  naptha 

kk  gal. 

When  grasses  are  in 
active  growth. 

Clumps  of  some  grass 
feeds 

Use  with  care  as  a  direct  spray; 
will  injure  lawn  grasses 

/  f<S 

Si 


00  .  TABLE  A-4  (Cont) 


Htrbicidti  for  WmcI  Control  ia  Lawns  ond  Turf 


DO  HOT  5UBS1 

ITOTE  THESE  KECOJMESDATIOSS  FOR  MFOBMATION  C 

(f  LABELS 

Herbicide 

Rate  per 
acre1 

Tine  of 
application 

Teds 
'controlled 

Remarks 

Grass  weeds  -  continued 

Sidicoo 

10  lb. 

Before  weed  seeds  ' 
germinate 

1 

Does  not  control  annual 
bluegrass;  will  con- 
trol crabgtass,  fox- 

*  tails,  ad  downy 
bcucK  grass 

Tceat  before,  after,  or  ditfiog 
seeding,  watec  within  3  days 
.  if  h  does  oot  rain;  use  oo 
■  bluegrass  and  fescue  lawns;  . 
check  susceptibility  on 
other  kwn  species 

Tecbutol 

I0to201b. 

Before  germination 

■ 

Foccrabgrass  control 

Use  io  established  lawns;  do 
not  overseed  within  6  months 
after  treatment 

Broadleaf  weeds 

Oicamba 

1/2  to  I  IB. 

L 

WheD  weeds  are  io 
active  growth 

Bed  sorrel,  knot  weed, 
clovers,  ebickwted, 
and  otters 

Keep  away  iron  root  zone  of 
trees  and  ornamentals; 
usually  mixed  with  2,4-D 
for  spraying;  use  no  more  . 
than  1/4  lb  /A  in  lawns 

Silver 

3/4 » 1  lb. 

While  weeds  are  small 

] 

Especially  duckweed, 
ground  ivy,  and 
henbit 

Apply  when  there  is  ample 
moisture  and  au'teapera- 
one  of  75°F.  or  more 

2,4-0 

I  to  lb. 

When  weeds  are  ia 
active  growth 

Manj  species 

Choose  bright  days  with  tem- 
perature near70°F.;  do  tot 
mow  for  24 » 48  hours 

2,4-D  amine  salt  or 
Iowvofatile  ester 
plus  detergent 

1  N  Z  ft. 

Late  witter  or  early 
spew*        1 ' 

Knocveed,  wild  garlic, 
and  wild  onion 

Follow  directions  on  label; 
tepeated  annual  treatments  , 
for  wild  garlic  j 
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TABLE  k-h  (Cent) 
Hfibicidti  for  Nttd  Coilnl  in  Lawni  end  Turf 
DO  NOT  SUBSTITUTE  THESE  RECGKMERDATIONS  FOR  INFORMATION  ON  LABELS 


Herbicide 

Rate  pci 

acre1 

Time  of 
application 

feeds 
controlled 

Remarks 

Bioadleaf  weeds  -  continued 

2,4*D  plus  dicamba 
orsilvei 

D.25  +  2  lb- 

Then  weeds  are  small 

Chictwwdj  clover, 
benbit,  tootwecdj  aod 
red  sorrel 

Do  not  exceed  recommended 
rait;  protect  trees,  shrubs, 
aod  flowers  by  spraying  ia  , 
tooc  zone  of  shrubs;  pre- 
f  ent  drift 

Vounds  of  active  ingredient* 


/ 
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TABLE  A-4  (Cont) 
Httbicidtt  To  Centnl  Awatic  W? 


I  Herbicide 

Rue  of 
application1 

Time  of 
application 

Weeds 
controlled 

Re  narks 

1                                                 Perennial  sedges  ob  irrigation  sod  drainage  ditebbaaks 

I       Amitrole  or 
1  amitrole-T 

5  to  20  lb /A 

On  yoong  gtowtb 
before  beading 

Tall  sedges 

Repeat  every  6  to  8  weeks  as  needed; 
use  only  in  drainage  ditebes  of" 
marshes;  do  not  contaminate  irriga- 
tion or  potable  water  supplies 

1  Dalapon 

IS  Lb/A 

On  young  growth 
tO  to  15"  tall 

-do* 

Repeat  every  6  to  8  weeks  as  needed;  may  be 
used  in  watet  supply  reservoirs  provided  the 
concentration  does  noc*exeeed  0.1  mg/l  io 
the  reservoir;  nay  be  used  ia  irrigation 
water  provided  the  sodium  content  of  the 
irrigated  soil  is  not  etitieal. 

Fuel  oil 
with  diooseb 

100  to  l&gnl./A 

-do- 

i 

-do* 

 "7 

Use  2  to  3  pis.  of  dinoseb  per  100  gal. 
of  fuel  oil;  avoid  contamination  of 
irrigation  or  potable  watet 

2>D 

£  to  6  Jo./ A 

-do- 

Repeat  as  necessary;  avoid  contamina- 
tion of  irrigation  or  potable  watet 

Floating  weeds  (imattaebed,  tops  above  water) 

Aoitrol-T 

ltoUlb./A 

Then  actively 
growing 

Watet  hyacinth 

Use  only  in  drainage  ditch  or  marshes; 
do  not  use  treated  water  for  domestic 
or  irrigation  purposes  except  as  spec- 
ified do  rbe  label  $ 

Diquar  (carion) 

^  0.5  to.  I  p-p.m. 
ltol+5Ib./A 

Time  at  active 
gtowrb 

Duckweed,  water 
byaei&tb,  watet 
lettuee 

Inject  in  varer  or  spray  on  foliage;  do 
not  use  treated  watet  for  ten  days 
after  treatment 

8  Ib./A 

At  first  bloom 

AUigatorweed 

Repeat,  2  to  4  applications  as  needed; 
do  not  use  created  water  for  domestic 
purposes  except  as  specified  on  the 
label 

2,4-D  amine 
-  salts 

2to41b./A 

When  weeds  ate 
in  active 
growth 

General  control 
alligatorweed, 
duckweed,, 
warerfern, 
water  lettuce 

Repeat  every  4  to  5  weeks  as  needed; 
include  oil  and  emulsifiet  for  duck- 
weed and  watet  lettuce.  Do  not  use 
treated  water  except  as  specified  on 
the  label 
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TABLE  A-4  (Conn)/ 


Htfbicidtft  To  Caitrot  Aquatic  Wm^«  / 
DO  NOT  SUBSTITUTE  THESE  RECOMMESDATIOSS  FOR  IHFORMATIOM  OH  UBElS 


Herbicide 

Rate  of 
application* 

Time  of 
application 

1      /*  ***** 

j  controlled  1 

Henries 

Emerscd  and  marginal  weeds 
(tooted  undc/  water,  tops  above  water,  or  growing  ys^ct  soil) 

-  Am  it  role 

6  co  12  WA 

Fully  beaded  or 
post  heading 
stage 

Bulrushes  and  / 
cattails  / 

,  tfsc  only  in  drainage  ditches  or  marshes; 
do  not  use  contaminated  water  for  domes- 
tic or  irrigation  purposes 

Asittole  or 
aainolc-T 

8  to*  16  fn./A 

On  young  growth 
before  beading 

Perennial  glasses 
and  sedges/  J 

Apply  in  100  to  400  gaL  water  as  a  ground 
spray;  10  to  IS  gal,  water* as  an  aerial 
spray;  use  only  in  drainage  ditches  or 
marshes;  do  oor  use  treated  water  for 
domestic  or  irrigation  purposes 

Dalapon 

15  to  JO  lb,/A 

-do- 

Cattails  /  ! 

Apply  in  100  to  40flf  jnl.  water  as  a  ground 
spray;  10  to  15  gal.  water  as  in  aerial 
spray;  any  be  used  in  water  supply  reser- 
voirs provided  die  concentration  docs  not 
exceed  04  ng/1  to  the  reservoir;  nay  be 
used  in  irrigation  water  provided  the  sodium 
content  ot  the  irrigated  soil  is  not  critical. 

20  co30  lb./A 

-do- 

Perennial  grasses 
and  sedges 

.  / 

SiNcs  (ester) 

8  lb./A 

At  first  bloom 

Rooted,  earned 
^lligatorweed 

/ 

/  

Apply  2  to  4  applications  as  needed  tn 
150  to  200  gal,  water  per  acre;  do  not 
use  treated  water  for  domestic  or  irri- 
gation purposes  except  as_5pcti/icd  on 
label  - 

1  

2,4-D  (low- 
volatile 
citcts) 

2,4-D  (low- 
volatile 
esters) 

4  ro  6  JbVA 

/  Bulrushes  and 
/  cattails 

Apply  in  1:20  oil-water  emulsion  at  150  ! 
to  200  gaL  per  acre;  precautions  as 
above 

1  to  4  lb./ A 

-do-  ^/ 

*  / 

Arrowhead,  white 
water  lily*  and 
other  plants  with 
waxy  teases 

Apply  in  oil  or  oil-wacet  emulsion  (l:10r 
ot  1:20);  precautions  »s  abovc  d 

or  3Uvcx 

2  to  4  lb  ./A 

Vhco  weeds  art 
accivciy  / 
glowing  / 

General  foe  bfoad- 
lcaf  weeds 

! 

Spray  in  200  gal.  water  per  acre;  pte- 
cautions  as  above 

TABLE  A-4  (Coat) 
Hefbieidu  To  Control  Aquatic  Weeds 


DO  NOT  SEISSTIIH 

TE  THESE  RECOMHE* 

IDATIONS  Fflff  ttoto 

mat™  on  urns    ■  * 

Herbicide 

■  Aate  of 
application1 

Time  of 
application 

Weeds  . 
conrollcd  < 

*  /     '  Remarfcs 

Submersed  weeds 
(reps  mostly  under  water,  usually  tooted  or  anchored) 
In  ponds,  lakes,  and  reservoirs  *~ 

Capper  sulfate 
(pentahydrate, 
%    dark  blue) 

Copper  Sulfate 

Copper  Sulfate 
(pentahydrate, 
dark  blue) 

0,lto0.5p.p,o:w. 

Early  stage  of 
growth  ' 

Algae,  blue-green 

■Apply  as  crystals  or  powder;  repeat  as 
necessary 

0,5  to  1  p.p.m.w. 

-dch 

Algae, 
filamentous 

In  soft  lUter,  safe  on  most  fisb  eicept 
tow;  safe  in  potable  watet 

1  tO  2  p.p.tJL*W. 
r  r 

-do- 

la  bard  water,  injurious  to  tnos^fish; 
safe  in  potable  water 

Bkhbbcml 

:  7»WIk/A 

- 

•do- 

Sooted  or 
anchored  weeds 

Follow  directions  oo  labeL  Do  nor  use 
treated  water  for  domestic  or  irriga- 
tion purposes. 

JO  fft  IS  lb,/A 

Then  new  growth 
starts 

-do- 

Broadcast  oo  warer  surface;  use  taavier 
rate  if  water  is  more  than  3'  deep 

Diquat  (cation) 

0.5  to  1.5  p.p.m-w. 

-do- 

Rooted  or 
anchored  weeds 
except  elodca 
and  wild  Celery  " 

Apply  on  the  surface  or  inject  below;  do 
not  use  treated  water  ftt  domestic  or 
irrigation  purposes  for  10  days  after 
treatment 

Endothall 
idieafbylaityla- 
cairie  salts) 

'  0.05  to  0.2  p.p.m,w. 

■do- 

"Filanentois 
algae 

Apply  on  the  surface  or  inject  below;  do 
not  use  treated  water  for  domestic  or 
irrigation  purposes  for  7  days  alter 
treatment 

0.5  to  2.5  p.p.ro.w- 

towed  or 
anchored  w«ds 
except  chara 

For  spot  treatment  or  vJwre  son*  fish 
kill  is  not  objectionable;  precautions' 
as  above 

Kndothall 
(disod  turn  salt) 

I  to  4  p.p.m.w. 

■do- 

-do- 

V  r 

- 

Consult  fish  and  wildlife  specialists 
before  use;  precautions  as  above  > 

TABLE  K-k  (Coat) 
Herbicides  To  Control  Aquatic  Weeds 


DO  KOTJUBSTITU 

TE  THESE  RECOHMEK 

QATIOSS  TOR  INFffiV 

™  m  labels 

Herbicide 

 —r^  ' 

Race  of 
application1 

Tbc  of 
applicacioo 

Peeds 
controlled 

»  Remarks 

Submersed  weeds 
(cops  mostly  under  water,  usually  rooted  or  anchored) 


lo  Ponds,  Lakes,  and  Reservoirs  -  continued 

Fenac 

15  to  20  hjA 

When  lake  bottom 
or  shorelines 
are  exposed 

*do- 

Keep  water  down  for  at  least  3  weeks;  do 
hoc  use  treated  waiet  for  domestic  or 

itriptbo  piffposes 

,  p-i  1— 

(«t«) 

< 

(granule  or 
pellet  form) 

;  20to401bVA 

-do- 

-do-  t 

eicepi  clodea, 
wild  celery,  and 
some  pood  weeds 

Toxic  to  sooe  fish;  apply  to  surface  of 
water.  Do  not  use  treated  water  foe 
domestic  of  irrigation  purposes. 

■* 

Silvei  , 
(potassium 
sail) 

'   1.5  to  2  p.p,m.w, 
or  5  feA  ft. 

-do- 

•do- 

Apply  to  surface  or  inject  below  water 
surface.  Do  not  use  treated  water  for 
'  domestic  or  irrigation  purposes. 

Irrigation  and  drainage  canals-flowing  water                -  ■  e 

Acrolein 

1  to  2.5  gal.  els. 

When  weed 
infestation' 
Starrs 

All  species  of 
algae  and  sub- 
mersed weeds 

Use  special  equipment;  apply  below  sur- 
face; toiic  to  fish;  da  not  use  treated 
water  for  domestic  puiposes 

0,1  ro  O.o'p.p.a.ff. 

-do- 

-do- 

kjta  mo  large  anals  (M  to  2,000  ct  , 

more  c.f.s.)  at  one  location  for  3  to  it  '_  _ 

bows 

Aromatic 
solvents 
(xylene) 

8  to  10  pi.  c  J* 
(300  to  740 
p.p.£B,w.  k  }0 
'o  60  minutes) 

Before  weeds 
become  matted 

Most  submersed 
species  eicept 
water  plantain 

Avoid  fire  hazard;  treat  water  at  inter-  ,  t 
va]sof2to4milesdowncaoal.  Do  / 
not  use  netted  valet  for  domestic 
purposes.1 

Irrigation  and  drainage  canals-flouh  stopped  or  greatly  reduced 

Acrolein 

4  to  7p.p,OLw. 

-do* 

*do* 

->  

Apply  below  surface;  toiic  to  fish;  do 
not  use  treated  water  fa  domestic 
piffposcs 

TABLE  A-4  (Ctat) 


no  not  srrasTTTf] 

TO  THESE  RECOMMEN 

rpATTOUS  FOR  INFO 

EMATTOS  ON  UKRIS 

Herbicide 

Rate  of  / 
application^ 

lime  of 
application 

,  "Weeds 

.  Remarks 

■ 

kigafion  ad  drainage  carrals-fW  stopped  or  greatly  rotated  -  coflfinucd 

Dicjuiit  (aiion) 

1-nJotball 
*     '  (diiDe.thyhikyla- 

!        mine  salt) 

J 
i 

i 

to  1.5  p.p.fl.w, 
1.5  io  4  p,p.to.u\ 

Ellen  weed  starts 

T 

Most  submersed 
wecd\ 

Apply  above  or  below  surface;  allow  at„ 
least  12  hour*  exposure;  do  not  use 
treated  water  for  domestic  or  irrigation 
purpose*  fcr  J4  days  aftvr  Creatim-flf 

-do- 

Apply  above  of  helow  surfaee;  to 
fwh;  do  not  use  created  wafer  for 
domcitic  or  irrigation  purposes  far  li 
days  after  treariocnr 

Ri'scrvoiii  awl  large  canals  carrying  potable  water 

Upper  Sulfate 
Ipetitahydrate) 

Continuous  during 
^rowinp  season 

rtost  algae  and  > 
iubmersed  J 
vecds 

Heavy  application*  early  in  season; 
reduce  as  water  temperature  rises 

 r-T  — - — 

f  ft  jr  nrms 

  p  — 

Periodically  during 

•do- 

Light:  rate*  (or  soft  tfarer;  crystals  dis- 
solve  very  slowly;  may  be  i&spcflded  in 
burlap  bags 

lK.itr\  and  tcwa*  titration*  arc  in  itm  of  arid  cquiva lent  *f  a.ciiv?  i^Jiew'sftJ  n«  neces^ily,  or  uijally,  of  coamcmal  fcwnwUiioiu 


/ 


Page 
B-l 

B-2 

B-3 

i 

B-4 

B-5 

B-6  . 

B-7 

B-8 

B-9 

B-13 

B-14 

B-15 

B-16 


CONTE 

Key 


r 


/  /  ' 

MOSQUITOES:  Pictorial  key  to  some  common  adults  (female)  of  the 
United  States  j  ^ 

DOMESTIC  FLIES:  PictoriaLJccy  to  common  species  in  Southern  United 
States  j 

FLEAS:  Pictorial  key  to  some  comrnon  species  to  the  United  States 
TICKS:  Pictorial  key  to  somi  common  specks 

MITES:  Pictorial  key  to  some  common  species  of  pubtic  health  importance 

SCORPIONS:  Pictorial  key  !to  some  common  United  States  species 

(   /  -  J 

MILLIPEDES:  Key  to  somc^mportant  United  States  species 


CENTIPEDES:  Key  to  some:  important  United  States  species 
SNAKES:  Key  to  venomouV^cTes  in  the  United  States 
COCKROACHES:  Pictorial  key' to  some  cobimon  species 
ANTS:  Key  to  some  common  species 

MOTHS:  Key  to  some  species  commonly  associated  with  stored  foods 

BEETLES:  Pictorial  key  to  some  species  commonly  associated  with  stored 
foods 


\ 
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ERIC 


APPENDIX  B 

IDENTIFICATION  KEYS  TO  SOME  IMPORTANT  ARTHROPODS,  REPTILES,  BIRDS.  AND  , 

MAMMALS 

MOsQtitroEs:  pictorial,  key  to  some  cowoh  adults  (Pehale*  or  the  united  states 
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DOMESTIC  FLIES:  P1CT011AL  KEY  TO  COMMON  SPECIES  IN  SOUTHERN  U.S. 


boy  b*wk***( 
dorm  iMtoIlk 


4  black  ttxktmpMWKto- 


I 

1^0.  Them  piJH  poll 


-HMM  SPP. 


I  I 

Scuivllm  wtl  3    ScvtaUuM  «A 

poiri  of  monginol    pain  of  Morglnal     4m  **n  ttorpiv  ondkd 
(Sqmtt    praffn  P  

mofQkiof 


CTHOMYOPStS 


_L 


GtUJPHQfU  SPP, 


ftWfcOiClo  fttflMl, 
troctili.  Tip  of  tew 
HUwrn  fun  or  t*» 


Body  bnjiny*btock^ 
plot  rtd 


Thorn  nol  ririMd*  ^ 
Hta*  dork  b*U, 
ntv«r  jtlW 


I 

Thr_r_n_  Hnrfc  ■trFn  i  i 


n 


OotmI  Hwadc 


dorfo)  tbpropc 
brlillii  itrono  j 

* 


THtt*Ml% 


Body  pi4h  vhitah  poUm, 
inoit  tvidonr  on  Irqflf 
jwjfifl  of  thorn*. 


««■  DEPARTMENT  OF  HEALTH,  EDUCaTKW,  AHD  WELFtfE  8*«*m£ip. 

PUBLIC  HEALTH  SEIIVItC 

OMmfflccklt  Di»«ti  Q*nntt  Tltlning  Brtnch 
iilontflv-Gaargi.  -  1941,  RtriuJ  Avj  .  195] 


Lip  vtalt;  block 

jit  sssmus 


Body  color  woifey  t««i 


ft  PALL£SC&*$ 
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BEST  COPY  AMLE 


FLEAS:  PICTORIAL  KEY  TO  SOKE  COMMON  SPECIES  IN  THE  UNITED  STATES 


ffOMM 


ooc  at* 


cat  flea 

*****  *t  nm  l«| 


I 

Hffl 


fin*  wflt«  if  fa*  mm*  * 


6KJUND  SOUlRflCl  OCA 


snocnGHTFua 


SXJRfta  REA 

ORIENTAL  ftDT  FL£4 

****** 
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^'1  !»"J1  1  ftitlii-:'.-"' 
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TICKS;  PICTORIAL  KEY  TO  SOME  COMMON  SPECIES 


i — ;  

HARD  TICK  Sp 


cdptf^tv*  not  r>*jfaU  (i©«  #bo*«, 
mrvR  «bt*nt,  family  Aff«»idi«^ 

/  SOFT  TICKS 


I**  copiVvUar  v 


utvral  lid*  pr*i**t 


Mlwrol  Irn*  ab»nt 


FO*L  Tick 


Orn  it  htnSortti 
dELAPSlMC  FEVER  TKK 


*evtfifrOrf  J  thorr,  abwt  long 
4c  ban »  copthili 


•lovrhvartt  much  long*'  rhon  boiU  caifrtrvli 
whir*  spot  »m  hp  of  ftcvtvn  uf  fjngU 


■ovrkpert*  boftii  capitvlvtn 


tew  Firm  vitfi  vk»r«  ngriiifiQi,  bmtft 


AMERICAN  DtiG  TICK  AMO  #0«1>  TlC<C 


ctpifvli  prgdvcid  l«tttoN^  re  F»rn  an  oaqI* 


■  ROTK  &OC  TICK 


MITES:  PICTORIAL  KEY  TO  SOME  COMMON  SPECIES  OF  PUBLIC  HEALTH  IMPORTANCE 


4»f-*l  -rht»IJ  wltuJaJ  i+t*ml  tkm\H  4in4*4 


<*\tKt*  with  HOt^fc  MllirsE  Htt>. 

l  


T 


cloves  urn; 

r 


it 


i  r 

b*d*  inl  *nh  n*'  1mm  b*^?  »i»iil>  rl«wpiu  ii(PT*fcfll  Haflfair 

j^A**'*  vtih  Ail*  U*»   ■  a4Un»a  kltk.sE  tLvi 


TNOPiUL  Ait  dlTf  SUNT  NAT  UtTF  itCH  UttTK  *    FOLLICU  m\Jt  *  CHEESE  WlTE 

Ornifhonvsut  6a  rat*    £mAinata*inpr  ft  hi  dm  inn*    SurcQptn  teaki+i   D+mad+x  JotlUufo****   TjvapHagU*  Hntn++i 


BEST  COPY  ffiUlBLE. 


SCORPIONS:  PICTORIAL  KEY  TO  SOME  COMMON  UNITED  STATES  SPECIES 


I  

■linger  «iik  nun*  itlmt 


 1 

ilingrr  wilh  fe*  ftclit 


1 


'  ,_ J?*  "j  p"\  «in£*r  *itho»l  *ub*(rglr»T  (doth  -    iliagrr  wilh  »»lm<*ul*«r  toalh 


y 


■s 


lm<1>  *lri|*rd  d<»r-**ll> 


built  jimllrrnMl  dnrulH 

^      N  '/ 


bad*  not  *lriptd  4ir  pfttlrrard 


V 


ST  K  l  rf  T  ir(,  OH  11  i<l>K»lf>\ 


V 


I  

UmiIi   l*|jrt>  iJirr-.ill, 


limit  trllu*  *1nrsalU 


Ctntrutoidts  gracilis 
HARGAKrre  scorpion 


Cmtrutottfr*  tittata* 


MILLIPEDES:  KEY  TO  SOME  IMPORTANT  UNITED  STATES  SPECIES 


20-21  body  segments  2 

More  than  29  body  segment!  3 

Leg*  witb  basal  spines  Picumlt>tnia  butltri  tpFontoria  virgiiuAftJij) 

Leg*  without  baaal  spines  Fieudopoiy&iRutf  lerrote* 


Korc*us  ojMficonirs  ,  

Body  segment  3  wkh  Legs  .  .  Norct^s  amthcoaas  {=SpiroboUs  mar$itiatus) 

Body  segment  3  without  legs  Bmchythlits  pusillus   (-Jtdus  vtr^iuu*) 


Brochylutvi  piuffhjs 


centipedes:  key  to  some  important  united  states  species 
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1.    S  dors.]  plates:  15  pair*  of  long  leg*-.  .  .  .  EASTERN  HOUSE  CENTIPEDE,  Sttttigera  elcoptrau 
More  than  H  dorsal  plate*  2 


ERIC 


2.    15  pairs  of  legs  ilitkohias)  V  3 

21-23  pairs  of  legs  {Sc-ofopenifm>  ." .      *  *  4 

More  than  30  pairs  vl  leg*  iGtephilui)  5 

3*    Antenna  19-23  segmented  -  ^iihcbius  nuitident&ltts 

^Antenna  33-43  ae^mentcd  T  T  ,  Lithvbiv-s  forfic&tits 

4.    Alia)  legs  as  Long  as  or  longer  than  3  terminal  bod v  segments  

 TESTERS  HOUSE  CENTIPEDE^  Seokpendra 

Anal  lefts  *h»rt<r  than  3  terminal  body  aegmenls  -  Scctapendra  monilms 


\ 


□.    47-53  pairs  of  legs  *  .  - 

64-67  pairs  o^legs^  

6.  Kith  2  Zangiturfin*.  bJbelt  f -  < 
Without  longicudjiiaJ  biaek  lines. 


.  Ceapfttfuf  toii/orjutits 
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SNAKES;  PICTORIAL  KEY  TO  VENOMOUS  SPECIES  IN  UNITED  STATES 

PART  I 


pit  thtpt,  if  ringed  rrd  4*4  +t4U* 
ring*  Mf*r*te4  by  b|*tk 


yellow;  blach  :     red  ; 


yellow    g,  g  je)|0ir 


Afirrurai  fitiviUM 
TRUE  CORAL  ^AKE 


Jf.  / 


r«l  pais  red 


AllZOlVi  CO  KM.  SlVAJtC 

 1 

tail  WMt  #r  witb  rail* 


SEE  PARTI! 

1 


COPPEHHEAD 


A.  c 


B-9 


httA  viih  imrfe  mica  mtrditAY* 


b»d  mhk  .bpJI  irjn  B*4»U 


Sbtrurv*  catentsau 
NA55A5ACCA  RATTLESNAKE 


Grvvt  Lab*i  4  C*»rat  U.S. 


PlC*Y  RATTLESNAKE 


3.  t 


S. 


3 


r  


•vprwcklBT  *cwV  Mi  ■Wiftcal  islet  ■  liai uiii l  i~S4gr 


SlOEWlMJE*  BATTLER*  AH  E 


C  &  cmud*  I 

Ati**M,  Calit*tft*9 

— 1 

_JI             tilfriHil  HA|*  proem 

lmema»l  i 

1  rMfct 


CroiahtM  wiRanSi 
RiDGE-PfOSED  RATTLESNAKE 


fir*  I  H^rvlsUvl  *<*k  %r%m4\y  «tt*dM^d  t*  ^hUmI 


J  Moiety*  cn  b«dj  nol  divided  Ulo  2  p.r.ltcl 
K^k,  itdHiM  cMptorlj  tepwued 


Croteim  pricti 
TWIN^WTTED  RaTTLES^aKE  a«m*. 


SEE  PART  II I 
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B-IO 


PART  111 


prnrnl  find  ro*irml  •It*cke4 


C rat  aim  mitcheHi  pyrrhu* 

I  ~ 

mirnof  pc»rii*A  r«i*rti  p«f#fi»r  poriinn  if  vrpirurd  *nirrw  portion  ixj<  r*L~-d  »Wt  pvtierier  p*rtw 


ROfjfc  ft  ATTLES.1*  Afc  E 


fiff«*-*I  and  mfr#fll*i)ial  dmifM  *ilh  p«l#  trrijNr  prrnBH«t  *tnl  dftpnlvbial  inlti  vllliHl  p«l#  *lripr 


I  


TESTE**  HATTlSSHAKf, 


Crot&UiM  miickriU  tteph*tiMi 


SEE  PART  IV 


So 


B-ll 


57 


1 W  i  aass 


PART  IV 


winw  fntiul  *rn  with  lirp  «*t** 


RLACX -TAILED  RATTLESNAKE  3«, 


larptp  thu  pMterlw  Kiln 


Grmobt  Aorridki 
(UNEBRAKE  Oil  TIMBER  * ATTLE5TI AKE 


C  h. 


train  bn  ■tin  Mpr—cmtiri  m*«IIt  *,  «r  i 


MOHAVE  RATTLESNAKE  A.»fw»».  Coiil*f*i*.  N«.«^.  M«-  A»,J(0.  %kl 

I  


TIGER  RATTLESNAKE  Ariu»i 

r 


Ant  i*fr*ljb»l  vral*  r  airly  riivirfrd*  evlw  gtr**i»b  fim  iafra>J*fciBl  trtlr  tuull}  dfrlAeA,  Wdy  t*Ur  pink  *r  f*J 


WESTERN  DIANUNDRAGK  RATTL^NAKE  .3*wfkmt>f# 


Crotohtt,  rub*r 
RED  DIAMO^DBACK  RATTLESNAKE  Cmlifvlm 


Si 


9 

ERIC 
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COCKROACHES:  PICTORIAL  KEY  TO  SOME  COMMON  SPECIES 


tutu*  AJfr/T  WOt  SHDHlCPt 


uctun  10  umc,  lgwir  nun  st  mcm 


r 


t  UMTTtJPMiL 
feAC*  Uftft 


MQftGttH  MTMOUt 

hack 


QEIHUX  COCKROACH 

PIN  Alt 

'  1 

I 

i 

1 


—  MlC 


*■*»  CQVlMfl  WML*  ALL 
V  ttKMfN  CM  mlttUM 
•COW,  MDtfOTUH  NARftOaet 


{RENTAL  COCKROACH 
fdJ*tt* 


f 


wcrt  whq  muw?  mlc 

ST  PTE  AX   rtl  0*0  TUB  SOLO 
COLO*,  04  WITH  *Lt  DUtfN 
CULT  MXEMTCLt  QOKtfttUOUf 


BROW-BANDED  COCKROACH 


WOOD  ROACH 


nKMOTUM  MlD  &AA*  DXOt 
GDC  Ml  COLOWVEVT  OA  Mr 
MO*M  K>  hack 


NLC  area  ocncjul  colow  icldou 

QMXEft  THAR  REOOtfH  CHESTNUT 


SMOKT  BROWN  COCKROACH 


LAST  £E6UE*T  OF 

cutus  nor  imct 

AS  LOW*  A*  WDE 
BROWN  COCKROACH' 


WOO  ROACH 


fhomt      *rtH  otfftft 

PALC  1THEJH  AT  BASt 

ftootuw J  frm«M«Lr  MAftxto 


LAST  SEOMEMT  OF 
CERCU1  TDK  « 
LOWt  AS.  HOE 

AttERlCAN  COCKROACH 


AUSTRALIAN  COCKROACH 


■A 
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ANTS:  KEY  TO  SOME  COMMON  SpECIES 

L  Podid  t'W*0  l^td   2 

Podicot  2-t*gn**nr*d  '   ^ 

2.  PottaU  {*»!•  on  P*dicoJ)  peoriy  dovoJoood,  hMn  baoooth  obdomm 

(Topifitmn  MMiti)  ODOROUS  HOUSE  ANT 

Potiolo^lJ-dovoJopod,  oroct,  nothiddon  bomath  obdown  '   3 

X  Tip  of  ohdoow n  without  circlot  of  hairs  OudbnyiMK  huniffjjJ   ARGENTINE  ANT 

Tip  of  obaoown  with  cine J*t  of  heirs  fCamponcfttf  AwrcvJoanttj 

pMoJytrttiJCujJ  BLACK  CARPENTER  ANT 

4,  Hood  «d  thorax  with  rwmou*  tpmo*  Uffc  f*xon*J   TEXAS  LEAF-CUTTING  ANT 

Hood  and  thorax  tpfoaJa**  or  with  I  pair  of  lpinaj  on  tha  posterior  thorax    5 

5.  Thorax  ond  hood  eovarod  with  "finaorprinta*"; :  pottarlor  thorex  with 

tinflJo  pair*  of  tpuimi  CT *********  comvpih**)     PAVEMENT  ANT 

Thorax  and  hood  wjthour  "fin^orprmt*";  potfwior  thorax  without  *p«w*    4 

Manomerfuot  phoraoftj" j  5o/afwpji*  Aafcrfa 

&  AaIotmi]  club  2*«*0montod   8 

Automat  club  3*»oqm«ntod  -  ,   7 

7.  Sh^^tock  f MisowwJwB  ffirmmwmj   LITTLE  BLACK  ANT 

ToUowithtod  fMonaoorium  pfraraoftfe}    .    PHARAOH  ANT 

flL  HouMirtfooting  ont«fSo/oiMpsisnio/o*to)  THIEF  ANT 

Outdoor  foomnd-bu  1  Iduipyarift.  -  /   9 

%  MondibJas  strongly  tocurvod  f5o/**op#f#  gtmiftato)  TROPICAL  FIRE  ANT 

Mondial**  not  *trongLy  incurvad   10 

Canal  surfaco  of  hood  with  largo  cooru,  *cottwd  pvochxvi 

tfofoxopji*  *oova*A»o  vor.  richfart)  IMPORTED  FIRE  ANT 

DotmI  luHMaf  hood  without  ptxictufo*  (Sotmtopsi*  xyloar)  SOUTHERN  FIRE  ANT 

"    tra -roc 

■  '  I 

*  best  cm  mm 

B-14 


MOTHS:  KEY  TO  SOME  SPECIES  COMMONLY  ASSOCIATED  WITH  STORED  FOOD 


( 


1-  CcTwGHicrl   2 

Advlt  moths   5 

2.    Pinkish  larva*  up  to  3/^inch  Jong  living  in  silken  tubes  and  pro- 
ducing matter  webbing  in  the  infested  food  fAnogeita  fcufrnJetJaJ  

.    MEDITERRANEAN  FLOUR  MOTH 

Whitish  larvae  with  or  vwirbour  block  or  orange  mark  ings  *  4  3 

X  Black  head  and  prolhoraxj  orange  markings  at  both  ends  of  the  body; 

living  in  silken  tubas  (Pymli*  fori  no  Hi)  I  MEAL  MOTH 

Wirhcwjf  block  h«od  and  prathorait   -4 

4.  White  to  greeniih-white  larvae  producing  matter  webbing  in  the  infested 

loodfPWio  mterpvBcM/o;  IhOlAN  T*EAL  MOTH 

Whifish;  not  producing,  matted  webbing;  living  inside  kernel  i  of  grCtfl 

f Sifotrogc  cenwrVra/  ... "...  .  ANGCUMOIS  GRAIN  MOTH 

5-  Wings  unicolorous  to  slightly  spotted;  long  fringe  al  roar  of  wings 

fSiforrogo  cereoM/oJ  "   ANG0UM0I5  GRAIN  MOTH 

Wings  heavily  dark  marked  *  *  -  *  -  *  -  -  -  -  -  *  -  6 

6k  Dtifof  half  af  fronr  »mgs  dork;  bosol  hoJf  'jgbt  (Ptodic  Jjtttr* 

jMirtMlJffj  i  INDIAN  MEAL  MOTH 

Wings  not  so  marked  *  *  -  -  -  *  7 

7.   Basal  and  distal  thirds  of  front  wings  dark;  middle  portion  of  front 

wings  lighf  fPy^ofrs  farinalis)    .  .  .  *  *  *  *  «  4  *  .  .  .  /  MEAL  MOTH 

Front  wings  pofe  gray  wjT»  transverse  wavy  block  markings 

(Anoqeste  fadWJbJ  -  MEDITERRANEAN  FLOUR  MOTH 


Angoumoii  Grain  Moifri 


S3    „  ■ 
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beetles:  pictorial  key  to  some  species  commonly  associated  with  stored  foods  / 

*  I 


Oft*  OTPC  KITH 


OCMETTE  KIM 


FuntnEOtflTLil 
Ml  Tl>  VI  *Ci  LP* 


TwrirmmaMaF 
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9J. 


lmcuiD  ttsi  miasm  nehdsi 


RST 

CUITUUL 

KtOUIfOL  - 

FBSiCAL 

(rraiciKicAL) 

arctic 

CHOOOL 

1.  Gftkcwebu 

•  Duip  (Ptmattof 

•Diilfi  out  bu- 
tarifi  vJ  illov 
•  4ccui  ioc  dftlcil 

•Smltitta 

•Ccod  lowkftolni 
•Cocttoocb  pt»f 
-  cemtilHii 

•B^cV^ih  iliil- 

utjon  (arcottlvt) 

otnon  touted 
tplptmt 

otrtpplBf  (liaitti 
watte!) 

•tali  itorifi 
•foiituti 

control 

•Fttultlc  wip 
m  Jfirkn 

(llMll)  fl«ll) 

ohmttlc  Ml? 
«  faromtadtd 
coefcrwh 

Cillfonlt) 

•stimitttfiw 

(uptrlMotil) 

tltpllMtl 

tsMctloldu 

•ItlioMl 

•Libido 
•to*lotl- 
dull  (DLF) 
•Muntt 

oOD.  (tot- 
plUl  dirti 

•N3S2  {Cff. )  hit 
Ontrol  Utorf 
fmilj  Bouloi 
•AaWity  hotwe- 
ilou  oj  tuluUoa 
mndudi  md  tMpie- 
tlou 

oiuud  f*m 

2,  hti/Hlco 

•SHttltiOB 

•fori  twice 
r*o*n 

•Uitir  Wee 
rwwit 

•  Food  iC0T4|l/ 

} iclogliig  prutlcu 
[eriwt  proof  con- 

•JtaUnt  Ftttiitf 
OKirbortp  ■]!■£- 
nitlon 
tTripplof 

Snip  Trip 
.'  LIvo  Trip 
j    Sticky  Trip 
;'  fat  mm] 

iSoak  tod 
•Iter  rotigni  tic 
dttlwo  not 
tffatlvt 

•AnUmUrt 
(EtptrlMotil) 

tfcofrntidJu 
liattutp- 
Unt  bitto 

•st&|i«  dou 

Ulti  i 

•tritklii 

•Ittrotr 
fialjltiOft 

•Uul  Ihi  ioI 
ictlTltr  lutnetlooi 
on  lttdflll  opmtlou 

btnindt  drp  l 

•smmt  mu 

Qwnatlflv  linlitkoo 

3.  Art* 

•Snltatlot 

oftod  B0QMbttil| 

'TifiEittM  Itwrel 

•Jut  Proof  lmj 
•Sullni  CTACkl 

Birriir  (wtir) 
(prroltt*  Jolly, 
•tlckm) 

•  Soil  tail** 
pint  Htt  to 

uOW 

•  IlliCtlClftM 

hit!' 
ll^uldi 

indiui  ipd  mti 

qunntlM  (tin  ati) 

4.  Hwqiit&w 

»ftt«  ftuftotat  " 

itaew  trub 

oSonlc  dcvlcei 
oot  tffarta 

opwditorj  fl*h 
•Nttftodll 

tStorliutlon 
(At  *!bi»tw*) 

ibptllnti 

•  Coord  lditton  with 
Joed  ttiqdto  loitt- 

*Dtrt£n . 
•Fill 

•n»d  j 

•  ftptitlot  Control 
iJqtutlc  plinti 

pratidini  brtrtlQf 
•It* 

•hail 

•Btcttrtt 
•Fttditon 
■oiqnlto  (Tot- 
orchychltti 

lUrrtddu 

•Iotect 
pwtb  iqu-  . 
Uton 

ollodettid- 

■eot  diitrlctt 
»  Quintal  toe  - 
Public  Bulth 

i 

•Hjrfti|  CP  ndttCi 
reitlnf  ilttt 
•flint  uhttina  ; 
(viter  CtcpMii)  , 

m  tttnXUt 

tbks  ollf 
•leildoiU 
•Ooattol- 
l*d  riletit 

OUq^Idl 
•Adultlcldis 
•toft-Iul- 
*»1  (itto- 
»li) 
•  kitful 

(1LF) 
•Birrl*t 
troitMoti 

5,  PIltbfHti 

•  Sialutln 
•  Binding  mrU 

reduction  i 
tfrca  clfiir, 
duEpiter» 

i 

- 

1 Screening 

•  Air  cuctihi 

•Ity  piper 
•  Attnctwit 
CHuicilere) 
*Fljr  letter 

•  Iltctrlc  t\7 
gdd 

•Ftruitit 

r 

•  Stttillatlro 
(fcptiiteoUl) 

■ 

iloitcticUei 
•  Bllti 

WD 

•ActWty  lMtnctloni 
on  M&ltttlffl  itiodicdi 
tad  lnjpectlco 
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tVTECtATED  PEST  HUUGHEVT  WTHODM 


pest 

CULTURAL 

WCHAMtCAL 

PHTSICAL 

(psysioiocicja) 

BIOLOGICAL 

cranic 

CHEMICAL 

KOTUTOCT 

«.  Biting  Pllci 

•  Sanitation  (Stable 
Fly) 

•  Br lading  eovrca 
reduction 

•  Kiouft 

•  Crui  Clipping! 
+  $eavo*d 

e Utter  uugutat 
(cullcoldiir  black 
/ly,  deerfljr) 

•  Soli  UUj«HGt 

•  ScWule  activi- 
ties to  **- 
pceure 

•  Aquatic  weed 

iVfftCt)  HUge* 

•  Scree*  lag 

♦  Tripping 

•  Stick j  Trip 
11 vi  Trip 

vPnrinltle  u«ip 
(Spilewdi  •?.) 

•  StarltliitlML 

(Subli  ny) 

expellee  ta 
Ipitwil) 
•  lotecticldoi 

•  Ita-RMl- 
dtula  (mto- 

•  Keilduela 

•  Activity  la  •  true  clou 
OA  itible  operation* 
(Stable  m«) 

e  Que  ru  tine 
Public  Health 

7*  Ueipi.  Korneta 

•  Sanitation 
e?wd  »urci 

renovel 

•  Tuff  MU(OHt 

•  Clover  reeoval 
■  i/ivcn  in 

•  Crw  wcur 
tod  poll in  iwrcct 
la  1el£  requested 
fleet 

*Ntflt  rtaovil 

•  Svin  ztaoval 
(Hooey  teen) 

•  Trappiog 

•  Screeolng 

> 

•Fretting 
agent  neroeoli/ 
00^  dl*penaet 

e  Reptile*  ta 
•  tauctlcldu 

duel  aaroeola 
•  R*il4uilt 
+Baiti 

•  QoeraiitiM 
USMfc  otfcera 

I,  Sub  I  mine  in 
Trait  el 

i 

+Deitgn  (Preventive) 
a  Sanitation  (pre- 
Conattuctloo  Clear  log 
of  ill  vooi  ^b#rla  j  ] 

Vk    111    WWV    BHI  M/BLf 

#Ter»lte  ahlelde 

•Repili  ifid 
palfttaatRce  <cor- 
rocilvi) 

trol /water 
drainage 
e  Removal  of 
wwd  ecrapi 
•  Scraonlag 

•Slit  with 
tyabloat-MIllag 
intlbiotlci 

•  IfeOd  plf»KI- 
vatlVia  1 

• lot act lc Ides 
•Sail  rr*ti~ 
■eat  with 
rtaldeili 

•  Beit  blocki 

•  JUpelleote 

o  Quarantine! 
•Activity  tart  ruction* 
requiring  annual 
1/Sepectlroa 

9,  Don-Selective 
Weed  Cob trot 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  Learning  Objectives,  Each  of 
these  carries  a  3-digit  number  and  is  in  boldface  type.  Each- sets  a  learning  goai  for  you.  The  text  that 
follows  the  objective  gives  you  the  information  you  need  to  reach  that  goal.  The  exercises  following  the' 
information  give  you  a  check  on  your  achievement.  When  you  complete  them,  see  if  your  answers 
match  those  in  the  back  of  this  volume*  If  your  response  to  an  exercise  is  incorrect,  review  the  objective 
and  its  text.  ^  *"  ^ 
  —  -  -c  — — —  — 


Introduction  to  Entomology 


MAN  HAS  BEEN  in  contact  with  different  types  of 
insects. and  ~peits*duriri£  his  entire  existence.  These 
insects  and  pests  exceed  2,000.000  known  species, 
and  scientists  are  Constantly  discovering  new*  ones 
during  their  scientific  studies  and  explorations.  The  - 
results  of  these  studies  and  explorations  indicate  that 
when  all  insects  are  known,  tbeir  number  will  exceed 
7,000.000  species. 

Today,  as  we  frequently  come  in  contact  with  in- 
sects, most  of  us  look  upon  them  as  pests,  but  not  as 
either  harmful  or  beneficial  to  us.  We  seldom  stop  to 
consider  the  many  insect -borne  diseases  or  the  many 
insect- produced  products  on  the  market.  Do  you  know 
that  honey,  silk,  lacquer,  and  many  other  commercial 
products  come  from  insects?  You  may  not  like  the 
thought,  but  some  insects  are  edible,  ^n  contrast, 
many  species  of  insects,  rodents,  and  related  pests 
seriously  affect  man.  They  affect, military  operations 
by  spreading  disease,  reducing  efficiency  of  personnel, 
or  destroying  property. 

One  might  ask.  "How  does  mankind  know  so 
much  about,  insects?"  Well,  insects,,  have  pesterjgd^ 
humans  so  long  that  tSS?y,we?e  forced  to  study  rfSf"" 
habits  to  find  ways  to  control  them.  The  knowledge 
thus  gained  soon  became  a  factor  in  mankind's  fight 
for  health  and  survival.  To  adequate,-/  control  an 
insect,  mankind  needs  to  know  its  characteristics 
and  breeding  habits.  So  began  the  study  which  is 
known  as  entomology. 

Entomology  is  the  science  that  deals  with  insects, 
which  make  up  the  majority  of  pur  economic  pesis. 
These  insects  and  pests  are  of  many  species  and 
varieties  and  live  practically  everywhere  except  on 
the  open  sea.-They  live  and  breed  in  most  of  the  ma- 
terials used  by  man:  soil,  water,  and  air.  The  factors 
"determining  their  survival  are  the  variations  of  cii- 
male  and  The  Jack  or  surplus  of  food,  water,  and 
shelter;  however,  many  insects  can  adapt  amazingly 
to  changes  in  environment. 

The  science  of  entomology  is  divided  into  tw6  major 
categories:  economic  and  medical.  The  economic 
category  has  been  subdivided  into  five  branches. 


which  group  insects  according  to  their  destructive 
activities.  The  medical  category  (to  be  discussed  later) 
establishes  the  insect-borne  diseases  and  the  insects 
responsible  for  them. 

For  the  present,  these  are  the  five  major  groups  of 
the  economic  category; 

a.  Agricultural.  The  agricultural  branch  deals 
with  the  growing  of  field  and  truck  crops.  This  area 
includes  many.rypes  of  insecticides  which  cause  death 
to  insects  from  eating,  direct  contact,  or  breathing. 

b.  Horticultural.  This  branch  deals  with  the  wooded' 
plants  which  are  attacked  by  insects. 

c.  Veterinary,  Veterinary  entomology  is  closely 
associated  with  medical  entomology  and  deals  with 
the  control  of  insects  that  attack  domestic  animals. 
This  branch  is  divided  into  two  areas.  One  area  deals . 
with  insects  that  infest  the  animal  internally,  and  the 
other  deals  with  those  that  bite,  sting,  or  otherwise 
irritate  the  animal. 

d.  Stored  product  pests.  This  field  Is  concerned  with 
the  control  of  insects  that  attack  foodstuffs,  and  the 
method  by  which  the  food  may  be  guarded  and  the 
insects  eradicated, 

e.  Household  pests.  These  pests  are  the  same  as 
the  stored  product  group  and  can  be  controlled  by 
the  same  methods. 

In  addition  to  entomological  functions,  you  will  be 
Concerned  with  activities  pertaining  to  botany  (the 
science  of  plants)  and  /oology  (the  science  that  deals 
with  animals).  Therefore,  this  CDC  will  provide  you 
with  an  understanding  of  the  fundamental  principles 
and  procedures  involved  in  the  identification,  control, 
and  eradication  of  arthropod,  vertebrate,  and  vegeta-* 
tive  pests.  In  this  chapter  we  discuss  systematic  bi- 
ology .'the  Animal  Kingdom*  orders  of  common  insects, 
and  the  arthropods,        -  j         — j 

Remember,  you  will  be  working  with  apprentice 
pest  managers,,  and  other  specialists  and  technicians 
to  accomplish  the  functions  mentioned  above.  The 
procedures  used  for  a  job  to  be  done  are  established 
by  the  civil  engineer  or  your  supervisor  as  we  have 
already  discussed. 


1-1,'  Arthropod  Taxonomy 

It  is  impossible  to  determine  the  scientific  name  of 
an  insect*without  the  aid  of  an  orderly  arrangement  or 
classification  of  species.  _^  . 

This  section  deals  with  the  procedures  in  whicftTthe 
naming  of  living  organisms  ^occurred.  The  word 
"monomy"  is  deftned  slmply-as  the  science  of  clas- 
sification; -~~ 

As  pest  managers  we  must  have  a  knowledge  of 
the  system  used  in  naming  or.clasaifying  Uvjgg  organ- 
isms "and"  the  method  used  in  writinj^tnese  nimii,  7 
and  recognition.  Believe  it  or  not.  at  one  time  there 
was  no  recognized  standard  system  of  classification. 
Imagine  how  confusing  this  must  have  been,  having 
rrf  recognizable  name. 


200.  Define  and  state  the  purpose  of  systematic 
biology. 


Systematic  Biology.  Systematic  biology  is  the  ar- 
rangement of  living  things  into  groups  having  similar 
characteristics.  Our  discussion  here  should  help  you 
understand  {1}  the  beginning  of  systematic  biology* 
(2)  the  binomial  system  of  nomenclature*  and  (3)  the 
Animal  Kingdom. 

Even  from  the  early  beginning,  people  have  at- 
tempted to  harness  nature  and  its  resources,  but  found 
that  It  was  only  through  the  knowledge  of  things  (ani- 
mal and  plant)  that  people  could  satisfy  their  needs 
and  subsist  in  their  environment.  People  also  learned 
that  once  the  identity  of  a  living  thing  (plant  or  ani- 
mal) was  established*  they.could  further  describe  it, 
learn  more  about  it,  and  use  this  knowledge  to  obtain 
their  own  ends.  Animals  needed  standardized  and 
universally  accepted  names  so  people  would  know 
which  animal  they  were  talking  about.  The  identity 
of  the  animal  became  the  key  to  all  knowtedge  per- 
taining to  it. 

Because  of  the  large  numbers  of  living  things, 
people  discovered  it  was  impossible  to- identify  them 
without  an  orderly  system  of. classification;  therefore* 
the  systematic  biology  system  of  identification  and 
atrangemcnt  began.  * 

\n  350  BC,  Aristotle,  a  Greek  philospher,  suggested 
a  classification  of  plants  and  animals.  This  was  ac- 
cepted throughout  the  Middle  Ages.  In  the  first  at- 
tempts to  describe  and  relate  living. animals*  only 
generalized  body  structures  and  habits  were  consid- 
ered. With  increased  knowledge  and  the  rapid  dis- 
covery of  new  species,  a  better  system  of  classification 
was  evolved — the  binomial  system  of  nomenclature* 


Exercises  (200):  ' 

L  Systematic  biology  is  defined  as 


"2.  The  system  which  provides  an  orderly  system  of 
ciassif teat  ion  is  known  as  


3.  Systematic  biology  was  established  ^to  provide 
,  .  and     -       .  accepted  names. 


201.  Define  the  binomial  system  of  nomenclature  and 
identify  the  genus  and  specie  in  examples  provided. 

Binomial  System  of  Nomenclature.  The  binomial 
system  of  nomenclature  was  proposed  by  Carl 
Vonlinne,  a  Swedish  naturalist,  in  1758  when  he  pub- 
lished the  first  extensive  and  practical  book  on  animal 
nomenclature.  It  was  a  systematic  means  of  applying 
two  names  to  an  organism  and  became  the  foundation 
of  modem  systematic  biology.  This  publication  named 
and  described  4379  species  of  animals.  Our  present 
system  of  nomenclature  is  based  on  the  10th  edition 
of  this  publication*  and  all  scientific  names  listed  have 
been  accepted  to  the  present  day. 

Now  that  you  know  the  term  "binomial  system  of 
nomenclature"  means  applying  two  names  to  an  or-, 
ganism*  yo  u  must  know  what  two  names  are  used,  the 
method  by  which  it  is  written,  and  how  it  can  be 
recognized  in  other  publications,  remembering  that 
this  is  a  standard  procedure  and  is  universally  recog- 
nized. The  two  words  used,  genus  and  specie  (which 
we  will  discuss  later  in  this  section),  constitute  a 
scientific  name.  When  the  scientific  name  is  written., 
the  first  name  refers  to  the  genus  and  always  begins 
with  a  capital  letter.  The  second  name  refers  to  the 
specie  and  begins  with  a  small  letter.  The  genus 
usually  is  the  noun  and  the  specie  is  the  adjective, 
which  is  a  common  occurrence  in  Latin.  The  scientific 
name  can  be  recognized  in  publications  by  being 
printed  , in  italics,  with  the  first  letter  of  the  genus 
being  capitalized  and  the  first  letter  of  the  specie 
being  a  small  letter.  When  the  scientific  name  is 
written  without  being  italicized,  both  names  are 
underlined  along  with  the  first  letter  of  the  genus 
being  capitalized  and  the  first  letter  of  the  specie 
being  a  small  letter,  so  as  to  appear  in  this  manner; 
Anopheles  quadrimaculatus. 

Although  it  is  very  important  to  know  what  consti- 
tutes a  scientific  name  and  how  to  recognize  it,  this 
course  deals  primarily  with  common  names. 

A  common  name  is  a  name  in  English  of  an  unde- 
fined number  of  words,  usually  descriptive  of  the 
animal's  structure,  .coloration,  or  habits.  Common 
American  arthropod  pests  have  been  assigned  stand- 
ardized names  by  the  American  Association  of  Eco- 
nomic Entomologists;  these  names  are  published  by 
this  organization  for  interested  persons. 

NOTE:  Most  arthropod  pests  and  vector  studies  in 
this  CDC  have  correct  and  standardized  common 
names.  Only  in  a  few  cases  will  you  be  responsible 
for  their  scientific  name*  for  example,  Anopheles* 
Culex.  etc.  Colloquial  names  (those  used  in  certain 
areas  of  the  country)  are  actually  considered  unsuit- 
able in  systematic  biology  and  (if  seen  in  this  volume) 
are  included  only  to  identify  types  of  insects  that  you 
have  seen  before.  These  colloquial  names,  if  used,  will 
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be  enclosed  in  quotes  ("popping  bugs,"  "daddy  long- 
legs*  "devil  horses/"  etc). 


Exercises  (291): 

i>  Define  binomial  system  of  nomenclature. 


2.  Identify  the  genus  in  the  following  example  by 
circling  the  appropriate  word.  Pufex  irrit&rts 


3.  Identify  the  specie  in  the  following  example  by 
circling  the  appropriate  word.  Musca  domestic** 


4.  Combining  the  two  names,  genus  and  specie  con 
stitute  a  \  


202.  Identify  the  classification  nomenclature  divisions 
of  the  Animal  Kingdom. 


Classification  Nomenclature  Divisions.  AJj  Jiving 
things  are  classified  according  to  their  sexually  mature 
structure  and  are  divided  into  the  Plant  and  Animal 
Kingdoms;  however,  there  are  some  living  things 
(viruses,  rickettsiae,  and  spirochaetes)  which  cannot 
be  assigned  definitely  to  either  Icingdpmand  are  recog- 
nized as  the  Undefined  Kingdom.  The  Animal  King- 
dom is  made  up  cf  a  number  of  major  divisions,  or 
PHYLA  (singular,  PHYLUMJ.Tht  Phylum  Chordata 
contains  all  the  animals  with  a  backbone,  including 
humans  and  other  mammals,  birds,  reptiles,  and  fish. 
The  Phylum  ArthropOda  contains  about  86  percent 
of  aJJ  described  animal  species.  Members  of  this 
phylum  have  segmented  bodies*  jointed  appendages, 
and  an  exoskeleton-  The  arthropods  are^divided  into 
CLASSES  including  Class  bweefe*^  insects;  Class 
Arachnida  -  ticks,  mites,  spiders,  scorpions,  and 
others;  Class  Crustacea  -  crabs,  shrimp,  copeods,  and 
others;  Class  Chilopoda  -  centipedes:  and  Class 
DipJopoda  -  millipedes.  Each  class  is  comprised  of  a 
number  of  major  groupings  called  ORDERS,  such  as 
the  Order  Diptera.  or  irue  flies.  Each  Order  is  made  up 
of  FAMILIES,  such  as  the  Family  Culicidae.  or 
mosquitoes':  Each  family  is  comprised  of  one  or  more 
GENERA,  such  as  the  genus  Cuiex.  and  each  genus 
has  one  or  more  SPECIES,  such  as  pipiens*  the  house 
mosquito^which  has  several  SUBSPECIES,  such  as 
Cuiex  pipiens  pipiens,  the  northern  house  mosquito- 
Understanding  the  classification  nomenclature  divi- 
sions may  be  simplified  by  comparing  them  to  a  pyra- 
mid, because  beginning  at  the  top  there  are  only  a  few 
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divisions,  and  as  you  descend  the  scale  the  divisions 
get  much  broader.  The  following  paragraphs  will  re- 
iterate the  classification  nomenclature  divisions  of 
the  Animal  Kingdom  beginning  at  the  top. 

The  Animal  Kingdom.  The  Animal  Kingdom  is 
divided  into  universally  recognized  groups  of  closely 
related  animals.  One  group  is  shown  in  figure  1-1. 
This  kingdom  is  one  of  three  basic  groups  of  natural 
objects  that  comprise  all  living  and  extinct  animals. 
The  Amnal  Kingdom  contains  several  Phyla. 

Phylum.. Phylum  is  the  first  major  taxonomic  unit: 
comprised  of  organisms  sharing  a  fundamental  pat- 
tern of  organization  and  presumably  a  common  de- 
scent. This  is  the  largest  group  of  animals  and  con- 
tains many  classes. 

Class.  There  are  many  classes  involved  in  a  single 
phylum,  and  within  each  class  there  are  many  orders. 

Order.  Classes  are  divided  into  major  groups  iden- 
tified as  orders.  Living  things  which  have  common 
major  characteristics  are  placed  into  a  specific  order. 
'Features  which  are  generally  used  for  placement  into 
a  specific  order  are  presence  or  absence  of  wings, 
number  of  wings,  type  of  wings,  type  of  mouthparts, 
and  type  of  metamorphosis.  This  will  be  discussed  in 
more  detail  later  within  the  section  titled  "Arthropod 
Morphology.'* 

Family.  Family  Is  still  a  further  breakdown  in  the 
classification  nomenclature  division  of  the  Animal 
Kingdom.  Within  each  order  there  may  be  numerous 
family  groups  of  which  there  will  be  basic  similar 
characteristics  which  place  it  in  a  particular  family. 
Family  names  can  most  often  be  recognized  and  dis- 
tinguished from  other  divisions  by  the  word  ending 
with  "idae." 

Genus.  Genus  is  the  next  step  in  classification,  and 
at  this  point  identification  is  almost  complete..  Famil- 
iarization'with  this  nomenclature- division  is  very 
essential  to  the  entomologist  in  order  to  identify  a 
specific  organism- 

Specie.  Specie  is  the  last  major  division  within  the 
classification  nomenclature.  This  final  (in  most  cases) 
identification  processes  most  important  since  habits 
and  habitats  of  various  species  of  the  same  genus  may 
vary  greatly,  thus  affecting  the  type  of  control  meas- 
ure you  wish  to  use.  This  is  a  distinct  group,  of  animals 
that  have  well-defined  characteristics  in  common  with 
each  other  and  are  capable  of  producing  offsprings 
with  the  same  characteristics. 

Subspecie.  When  individual  species  vary  from  their 
normal  form  in  structure,  coloration,  habits,  etc,  they 
are  often  referred  to  as  subspecie*  strain^  or  race. 


Exercises  (202); 

1.  The  first  step  in  classification  consists  of  placing 
an  organism  into  the  proper  

1.  A  group  that  is  comprised  entirely  of  orders  within 
the  classification  division  is  identified  as 


3-  The  group  that  is  comprised  entirely  of  species  is 
identified  as  :  
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ANIMAL  KINGDOM 

1 


\ 


PHYLUM  COR DAT A 
notochord 
paired  gill  slits 


i 


CLASS  MAMMALIA 
warm  blooded 
body  hair 
suckle  their  young 


ORDER  PRIMATES 
four  limbs  | 
each  bearing  five  digits 
digits  have  nails 


1 

1 

I 

FAMILY  HOMINIDAE 

FAMILY  FONGIDAE 

larger  brain 

smaller  brain 

higher  learning  capacity 

lower  learning  capacity 

less  body  hair 

more 

body  hair 

MAN 

APE 

homo  sapiens 

various  genera^ 

Figure  M.  Animal  retocioriihip— man  and  ap«. 


4.  The  term  "Arthropoda"  would  be  contained  in  the 
 group. 

5.  The  group  that  immediately  precedes  and  succeeds 

the  group  that  contains  classes  is  

(preceding)  and  (succeeding). 

6.  The  factor  that  has  the  most  bearing  on  how  all 
living  things  are  classified  is  , 


especially  the  Phylum  Arthropoda,  because  the 
greatest  majority  of  pests  that  we  are  concerned  with 
are  within  this  group. 


203.  Differentiate  between  the  physical  structures  of 
the  Phylum  Arthropoda  and  the  Phylum  Chordata. 


1-2*  Arthropod  Morphology 

Morphology  is  a  branch  of  biology  that  deals  with 
the  form  and  structure  of  animals  and 'plants.  Mor- 
phology defined  is  a  study  of  the  forms,  relations, 
metamorphosis,  and  phytogenetic  development  of 
organs  apart  from  their  fimctions. 

This  section  will  enable  you  to  understand  more 
fully  the  principles  discussed  in  the  previous  section 
on  taxonomy  and  will  identify  characteristics  that 
place  an  organism  into  a  particular  group.  We  will  be 
primarily  concerned  with  the__Animal  Kingdom; 


Comparison  of  the  Physical  Structure  of  Higher 
Animals  and  the  Insects.  Everyone  knows  that  we  as 
humans  are  different  from  insects,  and  we  also  know 
that  we  are  classified  as  the  highest  animal  form;  but 
many  do  not  know  what  constitutes  the  difference  in 
the  physical  structure.  Like  it  or  not,  insects  are 
,  placed  in  the  same  kingdom  as  we  are  (Animal  King- 
dom), but  at  this  point  there  are  many  differences;, 
thus,  a  separation  begins  within  the  classification 
system.  Table  I- 1  illustrates  the  divisions  by  compari- 
son of  man  and  mosquito,  which  is  an  insect.  Both 
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TABLE  1-1  " 

FHE  CLASSIFICATION  SYSTEM  FOR  A  MOSQUITO  AND  MAN 


Name  of  Category 


Mosquito 


Man 


KINGDOM 


PHYLUM 


CLASS 


ORDER 


FAMILY 
(Note  family 
names  end  in 
idae  in  zoology) 


GENUS 


Species 


SUBSPECIES 
AUTHORITY 


ANIMAL — capable  of  motion; 
no  chlorophyll.  > 

i 

ARTHROPODA- -Jointed  append* 
ages;  exoakeleton;  dorsal  heart; 
ventral' nerve  cord;  cold  blood. 

.  BfODOTA — three  pairs  of  legs; 
one  pair  of  antennae;  wings 
usually  present. 


DIPTERA — two  wings;  second 
pair  at  wings  modified  inta 
halters  or  balancers;  sucking 
mouthparts;  complete 
metamorphosis, 

Culicidae — The  true  mosqui- 
toes. Adult  with  scales  on 
wings,  elongate  proboscis, 
wings  usually  longer  -than 
abdomen 

Culex  (Latin  for  mosquito) 
(note  that  the  generic  name 
of  any.  animal  is  capitalized 
and  written  in  italics)' 

pipiens  (note  that  the  species 
name  is  always  written  in 
Small  letters  and  in  italics).  " 
This  species. name  refers  to 
the  piping  or  whining  sound 
of  the  flying  mosqujta. 

fatigans 

Wiedemann,  1B2B 


ANIMAL— -capable  of  motion; 
no  chlorophyll. 

CHORDA T A— jointed  append- 
ages; endoskeleton;  ventral 
heart;  dorsal  nerve  cord 

MAMMALIA — mammary  glands 
for  suckling  young;  hair; 
four*  chambered  heart;  warm 
blood. 

PRIMATES — Limbs  elongate, 
"hands"  and^feet"  enlarged, 
often  with  a  thumb*  each  of 
five  digits  with  flattened  or 
Cupped  nails. 

Hominidae— The  family  of 
man. 


Homo  (Latin  for  man) 


sapiens  (Latin  for  learned) 


sapiens 

Linnaeus  *  1753 


/ 


man  and  mosquito  are  classified  as  animal  because 
both  are  capable  of  motion  and  neither  has  chloro- 
phyll, which  is  a  prerequisite  for  placement  in  the 
Animal  Kingdom.  Using  ihe  binomial  s>stem  ot 
nomenclature,  man  is  identified  as  Homo  sapiens 


(which  is  Latin  tor  learned  man).  Looking  at- table 
1-1.  the  mosquito  discussed  is  scientifically  named 
Culex  pipiens  (which  is  Latin  for  whining  mosquito)^ 
Notice  the  characteristics  which  lead  to  the  final 
classification.  In  each  case,  both  are  classified  ac~ 
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cording  10  a  specific  characteristic  using  Latin  words 
for  these  characteristics,  In  almost  every  case.  Latin 
words  are  used  in  the  scientific  naming  process. 

Man  and  insect,  as  you  have  already  seen,  are 
within  the  same  kingdom;  but  from  this  point  on, 
there  arc  many  differences,  and  the  further  we  move 
down  the  classification  system  the  broader  the  dif- 
ferences; become.  Phylum  is  ihc-ncxt  step  in  the  clas- 
sification system  thai  must  be  discussed.  The  mosquito 
is  classified  in  the  Phylum  Arthropods  because  it 
has  jointed  appendages  and  an  cxoskclcion  (skeleton 
on  outside),  Man  is  placed  in  the  Phylum  Chordata 
which  have  jointed  appendages  and  endoskefetons 
(skeleton  on  inside).  Even  though  man  and  mosquito 
are  in  different  Phyla,  they  are  still  closely  related. 


with  exception  to  the  type  of  skeleton  system  each 
possesses  (comparison  shown  in  fig.  1-2].  Class  is  the 
next  major  division  of  the  classification  s^ten^  an^ 
here  the  mosquito  is  placed  in  the  Class  IttetfUTThis 
class  includes  all  animals  that  have  three  body  regions* 
three  paiis  of  walking  tegs,  one  pair  of  antennae, 
and  usually  wings,  The  class  in  which  man  is  included 
is  Mammalia,  which  means  that  man  must  have 
mammary  glands  and  hair;  of  course,  there  are  other 
qualifications  that  must  be 'met,  such  as  having  a 
four-chambered  heart  and  warm  blood.  But  remem- 
ber, we  arc  only  concerned  with  the  physical  structure 
in  this  section,  The  order  is  the  last  comparison  that 
we  mil  make  between  the  mosqSho  and  man*  because 
the  basic  differences  should  be  fully  realized  and 
understood  before  continuance  of* the  breakdown* 


Figure  1-2.  Exc  sfctftton  and  crtdCKltrfrion. 


The  mosquito  is  classified  as  Diptera*  The  Order 
Diptcra  means  having  two  wings  with  a  second  pair 
of  wing*  modified  into  ftalteres  or  balancers,  sucking 
mouthparts,  and  complete  metamorphosis  (develop- 
ment process), 

Man  comes  under  the  Order  of  Primates  because 
they  have  long  limbs,  enlarged  hand*  and  feet,  ofun 
have  thumbs*  and  each  of  the  five  digits  has  flattened 
or  cupped  nails, 


Exercises  {203); 

I-  Using  tabic  L-U  complete  thefollowing  statements: 
a.  The  classification  nomenclature  division  for 
which  both  man  and  mosquito  is  the  same  is 


b,  J   is  the  separating  classification 

division  oi  man  and  mosquito. 


2.  Complete  the  following  statements: 

a.  Trie  prerequisites  for  an  organism  Co  be  classi* 
tied  as  an  animal  is  that  tt  must  be  

b.  The  primary  difference  in  the  physical  structures 
of  the  Phylum  Arihropoda  and  Chordata  is  thai 
the  Phylum ^rthropoda  have  


204.  Matcn  the  arthropod  classes  with  the  appropriate 
class  identi  fication  and  select  the  correct  response  for 
statements  concerning  classes  of  arthropods. 


Phylum  Arihropoda.  An  arthropod,  us  you  have  al- 
ready found,  is  an  animal  that  possesses  jointed 
appendages  and  an  exoskeleton.  In  addition  to  these 
cbaracrerihtics,  an  arthropod  also  has  a  segmented 
body,  meaning  his  body  is  divided  into  two  or  more 
sections.  The  arthropods  outnumber  ail  other  groups 
of  animals,  included  in  this  group  are  crayfish,  sow, 
bugs,  horseshoe  crabs,  scorpions,  spiders,  ticks,  miles, 
centipedes,  insects,  etc.  Arthropods  can  be  found 
everywhere,  and  it  is  passible  tor  them  lo  live  in  water, 
on  ground,  in  the  ground,  or  m  the  air.  From  the 
stand  point  of  human  suffering  and  economic  loss,  the 
PnylunTArthropoda  presents  the  most  concern  to  man 

In  classification  of  arthropods  the  varied  structures 
are  grouped  mio  clashes.  This  phylum  is  generally 
divided  into  five  classes:  Cnmacea^  Chilopoda. 
Dfplopoda.  Aracfrntda.  and'  TivVcffil'In  many  cases 
anhropods  are  beneficial  to  man  by  providing  food 
and  marenals:  however,  many  compete  with  man  for 
food,  destroy  lawns,  shrubbery,  homes,  and  transmit 
di*eases.  Throughout  this  cuurse^vou  will  be  cun- 
tiemed  primarily  with  :he  Class  Hrww£an3  Arach- 
nida: the  remaining  classes,  Chilopoda.  Diplopoda. 
and  Crustacea,  are  less  important. 

In  the  next  fcw  paragraphs  you  will  be  looking  at 
and  ^tud\iri£  ihc  prusjea/  structures  of  the  various 


classes  of  anhropods.  We  will  explain  ihe  characteris- 
tics of  each  to  enable  you  to  understand  the  basis  tor 
placing  an  organism  in  a  particular  class, 

The  Class  Arachnida  {scorpions*  spiders,  ticks,  ami 
mitesX  T'he  arachnids  are  common  wherever  insects 
occur  and  are  often  mistaken  for  insects.  They  may  he 
distinguished  easily  by  the  fact  that  they  have  no  an- 
tennae and  bear  four  pairs  of  walking  legs  in  their 
adult  stages.  Figure  JO  illustrates  the  fact  that  the 
first  two  body  regions  [head  and  thorax)  are  fused  to 
form  a  cephalothorax.  Some  arachnids,  such  as  mites 
and  ticks,  have  only  one  body  division.  They  breathe 
by  means  of  booklungs,  or  tubular  tracheae,  or  by  hoth 
types  of  respiratory  systems.  Their  reproductive 
organs  open  near  the  front  of  the  abdomen. 

This  class  ranges  in  size  from  microscopic  (mites)  to 
3  or  4  inches  (scorpions  and  »piders).  its  habits  are 
highly  variable;  there  are  aquatic  and  terrestrial* 
parasitic,  predaceous.  and  vegetarian  forms.  Some 
are  highly  active  and  some  remain  in  one  place 
throughout  life.  Some  produce  living  young  (scor- 
pions) and  some  lay  eggs  (ticks,  mites,  and  spiders). 
'With  most  arachnids,  the  young  resemble  the  adults. 
The  Class  Arachnida  is  the  second  most  important 
class  of  this  phylum  to  humans-  h  contains  serious 
human  disease  vectors  (ticks  and  mites)  and  venom- 
ous species  (scorpions  and  the  black  widow  spider). 
Many  varieties  are  parasitic  an  birds,  animals,  and 
humans  Uicks).  Many  are  predaceous  or  harmful  and 
destructive  insects  (scorpjons  and  spiders). 

.  The  Class  Chilopoda  (centipedes).  The  Centipedes 
(fig.  1-4 J  are  known  as  "hundred-leggers."  although 
most  species  have  fewer  than  this  number  of  legs. 
The  centipede  has  a  head  with  one  pair  of  antennae 
and  a  group  of  simitar  segments  called  a  trunk,  Each 
trunk  segment  bears  a  single  pair  of  legs. 

Centipedes  range  in  size  from  small  specimens 
less  than  I  inch  long  to  specimens  in  the  Tropics 
reaching  10  inches.  They  are  swift  moving,  noc- 
turnal, secretive,  predacebus.  and  terrestrial.  Most 
species  lay  eggs.  The  young  closely  resemble  the 
adults  but  sometimes  have  fewer  leg  pairs.  They  are 
beneficial  to  humans  because  they  feed  on  many 
harmful  insects.  However,  some  species  are  capable 
of  inflicting  painful  bites  with  their  paired  poison 
claws  {modified  first  leg  pair),  but  no  dangerous 
species  are  found  in  the  United  States. 
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f-igure  [..».  Class  Arachnida*  4  .pidtrr 


one  pAt*  or  ucs  fcjv  «oov  5Cc»c*r 


figure  1-4.  CUsi  ChiJopodti  a  ccnisped«. 


77j^  Clout  Diptopoda  (millipedes).  The  millipedes 
{fig.  1-5)  have  one  pair  of  antennae  and  two  body 
regions,  the  head  and  trunk.  They  differ  from  centi- 
pede;; in  that  each  apparent  trunk  segment  bears  two 
pairs  of  legs.  Millipedes  usually  do  not  injure  man  but 
may  damage  some  of  his  plant  crops. 

Millipedes  range  in  size  from  less  than  I  to  5  or 
6  inches.  They  are  slow  moving  despite  numerous 
tegs,  and  are  nocturnal,  secretive,  vegetarian,  and 
terrestrial.  Th*y  lay  eggs,  and  the  young  resemble 
the  adults  but  have  fewer  abdominal  segments  and  only 
three  pairs  of  walking  legs.  They  may  be  accidental 
.parasites  of  humans,  inhabiting  the  intestinal  and 
urinary  tracts.  When  disturbed,  some  produce  offen- 
sive fluids  from  paired  glands-located  in  the  abdomen 
and  have  been  known  to  produce  a  dermatitis  in 
humans. 

T>ve  Class  Crustacea  (crabs,  shrimp,  lobsters*  sow 
bugs,  and  copepods).  Crustaceans  (fig.  1-6)  differ 
from  insects  in  having  five  or  more  pairs  of  walking 
legs,  two  pairs  of  antennae  in  typical  forms,  two  body 
regions  (cep  halo  thorax  and  abdomen),  no  wings,  re- 
productive organs  opening  at  the  base  of  the  walking 
legs,  no  tracheae,  and  great  variations  in  shape. 

This  class  is  the  least  related  to  the  insects  of  any 
of  the  other  related  classes  in  this  phylum.  It  ranges 
in  size  from  microscopic  forms,  such  as  the  copepods. 
to  crabs  more  than  3  feet  long.  The  animals  in  this 
cJass  are  relatively  activev  diurnaL  predaceous*  para- 
sitic, and  vegetarian.  They  are  usually  aquatic  or  scm- 
aquatic,  and  many  are  both  diurnal  and  nocturnal. 
Eggs  are  usually  carried  in  sacs  inside  or  outside  the 
body.  The  immature  stages  sometimes  resemble  the 


adults  (crayfish)  and  sometimes  look  very  different 
from  the'aduits  (copepod).  .Many  are  beneficial  to 
humans  from  the  standpoint  of  food  (crabs,  lobsters, 
shrimp,  etc.).  Some  are  intermediate  hosts  of  para- 
sites* attaching  tapeworms*  flukes,  and  guinea  worms. 
Some  species  are  marine  boring  organisms  such  as  the 
gribble  (Limnoria  sp).  Pillbugs  and  sow  bugs  are  oc- 
casionally greenr^oust^ts^ 

773*  Class  torefg  (true* insects)*  The  insects  arc  the 
most  important  members  of  the  Phylum  Arthropoda. 
Typical  adult  Insects  have  one  pair  of  antennae,  three 
pairs  of  walking  legs,  and  three  body  regions:  head, 
thorax*  and  abdomen  (fig-  t-7).  Many  insects,  but  not 
all  of  thenvhave'wtngSv  None  of  the  other  classes  of 
arthropods  have  wings.  The  reproductive  organs  open 
at  the  posterior  end  of  the  abdomen 

The  specific  habits  and  life  histories  of  the  insects 
of  importance  to  man  will  be  discussed  in  succeeding 
paragraphs.  Learn  the  identifying  characteristics  of 
each  class  of  the  Phylum  Arthropods  for  these  char- 
acteristics will  aid  you  in  understanding  the  individual 
insect  species  and  their  habits. 


Exerebes  (204): 

L  In  order  for  an  arthropod  to  be  placed  in  the  Ctess 

Insecta  *t  must  possess  wings.  (True/  False) 
2.  ^rom  the  standpoint  of  human  suffering  and  eco- 
nomic loss,  which  phylum  presents  the  most  con" 
cern  to  man? 
Arthropoda 
Arachnida 
Chordata 


HEAD 


TWO  PAlflS  OF  LESS  ON  £*CH  APPARENT  BODY  SEGMENT 

Figure  1-5  Oass  Diplopoda.  a  millipede. 
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Figure       Class  Crustacea,  a  crayfish. 


3.  The  moit  important  classes  of  arthropods  discussed 
in  this  lesson  are  represented  by  which  of  the  foh 
lowing  groups? 

Arachnida  and  ChiJopoda 

Chilopoda  and  Diplopoda 

In  uncut  and  Arachnida 


Which  class  is  leant  related  to  insects  but  is  atill 
within  the  same  phylum? 

Arachnida 

Crustacea 

Chilopoda 

Mutch  the  following  classes  of  arthropods  with 
class  identification: 


Cfvss 

Arachnida 


b.  Crustacea 


c-  Chilupuda 


.  d.  Diplopoda 


Ct&ts  Identification 
Feme**  one  pair  of  aniennae,  two 
body  regions  <head  arid  trunJeJi  and 
two  pair*  ot  walking  legs  on  each 
trunk  tegment 

The  aduli  stage  has  no  antennae 
or  wings,  bear*  four  pairs  of  walk- 
ing legs,  and  may  have  one  or  two 
body  regions. 

Have  live  more  pairs  of  walking 
legs,  two  pairs  ot  antennae,  two 
body  regions*  and  without  wings. 
Possesses  one  P*ir  of  antennae* 
three  pairs  of  walking  tegs,  three 
body  regions,  and  may  or  may  not 
have  wings. 

Have  one  pair  of  antennae,  two 
body  regions  (head  and  trunk),  and 
one  pair  of  legs  on  each  trunk 
segment- 


205,  Identify  structural  characteristics  and  develop* 
mental  processes  of  the  Class  Insecta. 

Insect  Structure- and  Development  An  elementary 
knowledge  of  insect  structure  is  necessary  for  the 
correct  identification  of  insects,  ihe  first  step  in  any 
study  on  insect  biology  or  control. 


ANTENNA 


HEAD 


THORAX 


ABDQM£N 


Figure        Insect  {di&articuld  led)  showing  body  regions. 
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One  dI  i he  chid  difference*  between  an  inject  and 
man  U  m  she  -tkcletnn.  In  insects,  the  "skin*  has 
become  hardened,  almost  like  a  &uit  of  armor,  Into  a 
siili  outer  skeleton. ^r  exotketewn*  This  exoskeieton 
protects  (he  internal  organs  from  injury  and  serves  as 
a  framework  tor  the  aitachmeni  of  musdes.  By  con- 
trast, in  humans  and  other  vertchrutc  animals,  the 
skeleton  is  inside  '.he  skin  and  is  called  an  endoakele- 
umt  as  illustrated  in  figure  1-2, 

In  most  injects,  the  outer  pans  of  the  body  wall 
arc  hardened  or  iderolized  into  plaies,  or  wienies* 
which  are  not  flexible,  These  sclerites  are  jointed  by 
flexible  portions  of  the  body  wall  called  interseg- 
mental membranes,  which  allow  considerable  move- 
ment, as  when,  for  example,  the  abdomen  of  a  mos- 
quito becomes  greatly  distended  during  feeding,  The 
sclentes  may  be  covered  with  many  small  structures* 
such  a*  hairs,  scales,  protuberances,  and  spines,  many 
oi  which  are'usc%uj  in  insect  identification. 

The  body  of  an  insect  is  divided  into  three  main 
regions -the  head,  thorax,  and  abdomen  (fig*  1-7). 
In  iht*  related  Class  Arachnid  a.  called  arachnids,  the 
hody  is  composed  of  only  one  or  two  main  regions. 
The  arachnids  include  ticks,  mites,  scorpions*  spiders, 
and  harvestmen. 

The  head.  The  anterior,  or  first  body  region,  of  an 
insect  is  known  as  the  head'  Its  principal  appendages 
Uig.  ]-£J)  are  the  mouthparts.  the  ante/mae.  the  large 
-  wuitpound  eyes,  and  tt\e  simple  eyes,  or  ocelli.  Adult 
insects  have  only  one  pair  of  antennae;  whereas  the 
arachnids  have  no  antennae,  and  crustaceans  have 
two  pairs  of  antennae. 

Primitive  insecis  have  an  upper  lip,  or  fabrum.  a 
pair  of  mandibles*  two  maxillae*  and  a  lower  lip*  or 
labium.  There  is  an  infinite  variety  of  arrangements 
and  torms  of  these  parts.  Three  principal  types  are- 
<  [ )  chewing:  (2)  ^ponging;  and  (3)  piercing-sucking. 


labial  palpus 
maxillary  palpus 


—  mandibl* 

—  maxilla 


^———labium 

CFA-037 

Figure  1*9.  dewing  mouthparts. 


pL^urc  1-^.  H^ad  inject  -Jinking  principal  parts 


Chewing  mouthparts  are  possessed  by  insects  that 
grind  solid  food  (fig.  1-9),  The  mandibles  are  useful 
in  cutting  off  food  substances,  sucti  as  the  leaves  of 
vegetable  crops,  and  grinding  them.  The  maxillae, 
labrum,  and  labium  are  used  in  manipulating  this  food 
before  it  is  swallowed,  The  appendages  known  as  the 
maxillary  palpi  and  labial  palpi  assist  in  the  feeding 
process  and  are  used  to  taste,  smell,  and  feel  food. 
These  appendages  bear  sensory  hairs  in, which  the 
various  senses  are  concentrated.  Some  "insects  have 
another  mouthpart.  the  tonguelike  hypophamyx.- 
Most  primitive  insects,  such  as  cockroaches  and  stiver- 
fish,  possess  chewing  mouthparts, 

Sponging  mouthparts  (fig.  J- 10}  are  adapted  for 
sucking  liquid  or  readily  soluble  foods.  These  mouth- 
parts  hive  evolved  from  the  more  primitive  chewing 
type  of  mouthparts.  Ln  these,  the  mandibles  are  absent 
and  the  maxillae  are  represented  only  by  their  sense 
organs,  the  palps.  The  housefly  is  typical  of  insects 
with  sponging  mouthparts.  The  labium  and  labium 
have  been  jointed  to  form  a  proboscis,  with  a  spongy 
tip  called  the  Jabelium.  Flies  thrust  the  proboscis  into 
liquid  or  semiliquid  foods  such  as  milk  and  feces*  and 
the  capillary  grooves  on  the  face  of  the  labetlum  carry 
the  liquids  to  the  food  canal  inside  the  proboscis. 
These  insects  can  also  eat  sugar  and  other  solid  foods 
that  are  readily  soluble.  They  regurgitate  a  drop  of 
saliva  on  the  sugar  and  cause  it  tp  dissolve,  then  pump 
the  solution  into  the  mouth  as  a  liquid.  Blowflies, 
houseflies.  and  flesh  flies  have  sponging  mcjuthparts 
and  are  therefore  unable  to  bite. 

Piercing-sucking  mouthparts  (fig.  1-1 1)  aroused  to 
good  advantage  by  mosquitoes,  stable  flies,  sucking 
lice,  fleas,  and  kissing  bugs.  Many  of  the  bloodsucking 
vectors  of  disease  have  piercing-sucking  mouthparts. 
which  are  constructed  on  different  basic  plans.  In 
some,  the  mouthparts  are  modified  to  form  a  slender  ' 
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Figure  I-IG,  Sponging  mouthparts. 


beak  or  proboscis  which  encloses  the  stylets.  The 
sucking  lice  have  no  proboscis,  buttftepiercingrriouth- 
parts  are  retracted  Into  the  head. 

True  inserts,  millipedes,  and  centipedes  have  one 
pair  of  antennae,  or  feelers,  located  on  the  front  por- 
lion  of  ihe  head  (fig.  3-8),  Most  "crustaceans  have  two 
pk'iTh  of  antennae,  while  .arachnids  have  none.  The 
more  primitive  insects,  such  as  the  siiverfish  and  cock- 
roachu  have  conspicuous  antennae  with  many  similar 
segments.  In  mjany  insects  the,anterinae  are  greatly 
modified  and  6ften  have  characteristic  shapes  that 
are  useful  in  identification  (fig.  1-12). 

There  are  two  types  of  eyes  in  insects— simple  and 
compound  (fig,  1-8).  The  simple  eyes,  or  ocelli,  con- 
sist of  single  eye  units  or  facets.  In  many  insects  three 
ocelli  are  arranged  in  the  form  of  a  triangle  between 


Figure  UII.  Picrcing-suckiOg  mouth  parts, 


the  large  compound  eyes.  The  compound  eyes  are 
usually  very,  large  and  are  round,  oval,  or  kidney- 
shaped,  The  outer,  face  of  the  compound  eye  is  com- 
posed of  many  small  six-sided  lenses  called  facets. 
-In  the  ant,  the  eye  has  from  50  to  400  facets;  whereas 
in  the  dragon  flyT  it  may  have  more  than  25,000  facets. 
The  size  of  the  eye  appears  to  be  related  to  the  de- 
mands for  accurate  vision  in  the  normal  life  of  the 
insect.  In  general;  the  active  flying  insects  have  large, 
eyes  with  many  facets,  while  in  the  more  pedestrian 
types  such  as  beetles  and  ants,  the  eyes  have  fewer 
facets,  Some  parasitic  insectsfhave  poorly  developed 
eyesT  or  the  compound  eyes  may  be  absent^  as  in  cer- 
tain fleas  and  lice.  . 

The  thorax.  The  insect  thorax*  or  chest,  is  the  sec- 
ond main  body  region  (fig.  t-13).  It  is  connected  to 
the  bead  by  a  membranous  region  ,  the  neck,  or  cervix. 
The  thorax  is  composed  of  three  segrnents'made  up  of 
varying  numbers  of  sclerir.es,  or  plates.  Each  segment 
bears  one  pair  of  legs.  The  segments  are  designated 
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Figure  1-12.  Types  of  insect  antennae.  \ 

pro  thorax,  mesa  thorax,  and  metaihorax  to  indicate 
their  position.  Each  of  these  three  segment;  of  the 
thorax  is  composed  of  plates  with  names  that  ajre  often 
used  in  identification,-  The  plate  on  the  top  op"  dorsal 
side  of  each  thoracic  segment  is  called  the  lergum  or 
notum:  on  each  side,  a pieuron:  and  on  the  bottom  or 
ventral  side*  the  sternum.  In  identifying  insects,  the 
shape  or  color  pattern  of  the  various  parts  of  the 
thorax  is  frequently  used  in  identification.  For  in- 
stance, in  cockroaches,  the  large  oval  plate  covering 
the  head  is  the  notum  of  theprothcrax,  or  pronation, 
while  in  mosquitoes,  ne  large  plare  between  the 
wings  is  the  notum  of  v.iemesothorax,  qt  mesonotum. 
The  color  pattern  on  the  pronotum  or  mesonotum  of 
these  insects  furnishes  good  characters  for  quick  iden- 
tification in  the  fidd.  Wings,  when  present,  are  at- 
tached to  the  mesothoraxand  metathorax,  the  last  two 
Iboracic  segments. 
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Figure  J*J3.  Insect  thorax. 


The  wings.  Insect  wings  are  membranous  exten- 
sions of  the  body  wall  having  an  upper  and  lower  layer 
supported  by  reinforcing  structures  called  veins.  Wing 
veins  running  from  the  base  of  the  apex,  or  point  of 
the  wing,  arc  called  longitudinal  veins.  The  cross  veins 
run  crosswise  to  the  wing  and  connect  the  longitudinal 
veins.  The  arrangements  and  number  of  wing  veins 
(fig.  1-14)  offer  important  characters  for  identification 
of  insects.  Many  of  the  standard  entomological  text- 
books, asComstock(1940),  have  a  detailed  discussion 
of  wing  venation. 

Insects  typically  have  two  pairs  of  wings,  although 
certain  groups*  such  as  the  flies^  have  lost  the  second 
pair  as  flying  wings.  The  second  pair  remain  in  rudi- 
mentary, form  as  small  knobs  or  balancers  called 
haiteres..  Insects  possessing  two  pairs  of  flying  wings 
may  use  them  independently  or  may  have  them  cou- 
pled together,  as  in  some  of  the  butterflies,  bees,  and 
wasps.  The  forewings  in  certain  orders  of  insects  are 
adapted  as  wing  covers  which  will  be  discussed  under 
the  Orders  Hemiptera.  Orthoptera,  and  Coleoptera, 

The  legs.  The  leg  is  divided  into  acorn  trochanter, 
femur,  tibia,  tarsus,  and  pretarsus.  Figure  1-15  illus- 
trates some  of  the  many  types  of  insect  legs.  The 
femur  and  tibia  correspond  to  the  human  thigh  and 
shin,  and  the  tarsus  has  a  function  similar  to  that  of 
the  fooL  Some  of  the  tarsal  segments  may  bear  pads, 
or  puivilli  which  assist  the  insect  in  walking  on 
smooth  surfaces,  such  as  glass.  The  legs  of  lice  are 
short  and  stout  and  modified  into  claw-like  structures 
for  grasping  and  holding  on  to  hairs.  Legs  of  fleas  and 
cockroaches  are  well  developed  and  elongated  for 
jumping  or  running. 

The  abdomen.  The  abdomen,  or  third  body  region 
(fig.  1-1 6)*  is  made  up  of  segments  with  dorsal  tergizes 
and  ventral  sternites.  It  bears  the  spiracles  and  the 
external  reproductive  organs.  The  spiracles  are  the 
external  openings  of  the  respiratory  system.  In  most 
insects  the  last  segments  bear  the  external  sex  organs 
used  for  copulation  in  the  male  and  the  egg-Laying 


device,  or  ovipositor,  of  the  female.  Some  insects  bear 
a  pair  of  cerci  (singular  cere  us)  near  the  tip. 

The  development.  The  life  cycle  begins  with  the 
fertilization  of  the  egg  and  is  completed  when  the 
adult  stage  is  reached-  The  teirrr  "lifespan"  refers  to 
the  entire  length  of  life  of  the  insect.  Some  insects, 
such  as  tropical  termite  queens,  may  live  15  or  20 
years;,  and  the  periodical  cicada  'lives  for  14  to  17 
years.  Mayflies  may  live  only  a  few  days  as  adults, 
although  they  may  spend  two  or  thres  years  in  the 
developing  immature  stages- 

-  Small  animals  tave  relatively  greater  surface  areas 
in  proportion  to  their  body  weight  and  volume  than 
large  ones.  This  results  in  increased  evaporation  of 
water  vapor  from  the  body  and  requires  thedcvclop- 
ment  of  romplex  waterproof  body  .coverings'.  The  liard 
plates  in  the  cuticle  also  serve  as  protective  armor'as 
well  as  body  support  and  as  the  framework  for  muscles 
of  locomotion. 

The  development  of  this  armor-like  exoskeleton 
and  wings  has  complicated  the  growth  of  insects* 
The  molting  process  is  a  means  by  which-  an  immature 
insect  may  shed  this  protective  skeleton*  the  linings 
of  the  respiratory  system  and  of  the  foregut  and  hind- 
gut:  A  molting  fluid  is  produced  between  the  old  exo- 
skeleton and  the  new  soft  Cnticle  of  the  insect.  Air  or 
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Figure  L-I4.  Insect  wing. 
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Figure  I— 15.  Insect  leg*. 
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wateris  swallowed  until  the  body  swells,  bursting 
the  old  cuticle  on  the  dorsal  surface  in  most  cases. 
The  insect  gradually  extracts  itself:  and  a  new  cuticle 
hardens  on  its  expanded  body,  thus  accomplishing  a 
stage  of  growth.  The  number  of  molts,  is  small  and 
constant  in  most  species,  such  as  the  three  molts  of 
the  housefly;  or  u  may  be  large  and  variable  as  in  the 
32  or  more  molts  of  the  American  cockroach.  For  a 
period  varying  from  a  few  hours  to  a  day  after  molt- 
ing, the  body  of  an  insect  may  be  soft  and  pale  colored, 
leading  some  laymen  to  refer  to  it  as  art  "albino." 
However,  during  the  first  day  after  molting,  there  is 
a  progressive  hardening  and  coloring  of  the  integu- 
ment, and  for  this  reason,  mom  entomologists  allow 
newly  emerged  adult  insects  to  remain  in  rearing  con- 
tainers for  12  to  24  hours  before  killing  and  pinning 
them.  For  example,  if  mosquitoes  are  killed  soon  after 
they  emerge,  their  abdomens  will  shrivel  before  the 


integument  becomes  hardened,  making  it  difficult  to 
identify  them. 

Metamorphosis  refers  to  changes  in  torm  or  struc- 
ture of  an  insect  during  its  development,  A  few  primi- 
tive insects  develop  without  metamorphosis.  The 
young  possess  all  of  the  obvious  structures  of  the  adult 
and  differ  from  them  merely  in  size,  color,  and  sexual 
maturity.  The  springtails  (Collembola)  and  silverfish 
(Thysanura)  develop  without  metamorphosis.  Both 
are  small  wingless  insects.  Thysanura  grow  and  molt 
throughout  life  so  that  there  is  no  distinct  adult  stage. 

Insects  with  gradual  or  incomplete  metamorphosis 
pass  through  three  stages  during  their  life:  egg. 
nymph,  and  adult,  as  illustrated  in  figure  1-1-7.  Insects 
in  this  group  change  gradually  while  going  through  a 
succession  of  molts  to  become  adults.  The  young  re- 
semble the  adult  insect  except  for  their  smaller  size 
and  for  the  absence  of  wings  in  wtngbearing  species. 
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Figure  M6,  Insect  abdomen. 


The  young,  or  nymphs,  are  immature  sexually  and 
may  bear  wing  pads  in  the  latter  stages  of  their  de- 
velopment. Some  important  orders  with  gradual 
metamorphosis  are: 
DlCTYOPTERA  


ANOPLURA- 


MALLOPHAGA 
HEMIFTERA  — 


DERMAPTERA- 
PSOCOfTERA- 


-  cockroaches,  walking 
sticks;  and  praying 
mantids. 

sucking  lice,  including 
the  crab  and  body  Sice, 
-biting  lice. 

-  true  bugs  including  the 
bedbug  and   kissing  " 
bug.  ^ 

■earwigs, 

-  book  lice  and  psocids. 


Insects  with  Complete  metamorphosis  have  four 
stages:  egg.  larva,  pupa,  and  adult,  as  illustrated  in 
figure  1-18,  Insects  with  this  type  of  life  history  are 
greatiy  different  in  the  immature  and  adult  stages- 
Typical  larvae  are  the  wigglers  of  mosquitoes,  the 
maggots  of  Hies,  or  the  caterpillars  of  butterflies  and 
moths.  The  pupal  stage  is  an  important  evolutionary 
development  during  which  the  simple  tarva  undergoes 
many  external 'and  internal  changes  to  become  the 
complex  adult. 

Most  of  the  insects  with  complete  metamorphosis 
have  wings  as  adults,  but  some  species,  such  as  the 
t  fleas,  are  completely  wingless.  Normally  the  wing 
buds  first  appear  in  the  pupal  stage.  When  the  young 
adult  first  emerges  from  the  pupal  shell,  the  wings 
are  crumpled  and  useless.  Hydrostatic  pressure  of  the 
blood  within  the  insect  body  forces  the  sac-like  wings 
outward,  and  the  two  membranes  collapse  against 
each  other  to  form  the  single  membranous  structure. 

There  are  many  orders  of  insects^havmg-complete 
metamorphosis.  Five  of  these  orders  of  most  impor- 
tance to  pest  managers  are  listed  below; 


DIPTERA 


SIPHONAPTERA 
LEP1DOPTERA  — 


HYMENQpTERA- 
COLEOPTERA — 


flies,  mosquitoes, 
midges,  and  punkies.  ' 
fleas, 

■  moths,  ^butterflies*  and 
skippers, 

■  ants.  bees,  and  wasps. 
-  beetles  and  weevils. 


Exercises  (205):  f 

1.  An  insect's  body  is  divided  into   

xxiain'body  regions. 

2.  An  insect's  skeleton  actually  consists  of  skin  that 
has  become  hardened;  the  term  applied  to  this 
hardened  skin  is  ^  . 

3.  Insect  spiracles  axe  used  for  .  .and 


are  located  on  the . 


4, 


6, 
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region. 


>  and  are 


.  segment  of 


Hal  teres  are  possessed  by  _ 

actually  ;that  serves  as 

organs.        *  \ 

The  me ta thorax  is  the    

the  

Place  a  C  for  correct  statements  and  place  an  I 
for  the,  incorrect  statements  concerning  Insect 
morphology. 


EGGS 


ADULT 


Figure  1-17.  Gradual  metamorphosis. 
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Ftgurc  kl&  Complete  metamorphosis. 

 a+  The  wings  and  legs  arc  attached  to  the  abdo- 
men*. 

 -  b.  The  wings  and  legs  art  attached  to  the  thorax. 

 c.  The  legs  axe  attached  ,to  the  abdomen  and  the  - 

wings  are  attached  to  the  thorax. 
 d.  The  tegs  are  attached  to  the  thorax  and  the 

wings  are  attached  to  the  abdomen. 

7.  When  a  change  in  form  or  structure  occurs  during 
the  development  process  of  an  insect,  this  is  re-  . 
f erred  to  as  

8.  Insects  that  pass  through  three  stages  during  their 
life  are  known  as  having  '  . 

9.  Insects  that  pass^th  rough  four  stages  of  develop- 
ment during  their  life  are  known  as  having 

10.  Insects  that  pass  through  no  recognizable  change 
'"except  increasing  in  size  in  the  development 

process  are  insects  t^iat  develop  

11.  Insects  that  have  a  gradual  metamorphosis  go 
.  through  several  gradual  changes  within  the 

nymph al  stage.  The  term  applied  to  each  of  these 
development  changes  is  .. 

206.  Identify  the  distinguishing  characteristics  of  im- 
portant orders  wtthin  the  Class  fiweettu 

Order  of  Insects.  The  Class  Iftwta  is  divided  into 
some  20  to  40  major  groups  or  orders  by  different 
authorities.  Members  of  each  order  have  certain  fea- 
tures in  common  that  distinguish  them  from  all  other  * 
insects,  primarily  the  type  of  mouthparts,  the  number 
of  pairs  and  type  of  wings.  *knd  the  kind  of  meta- 
morphoses. 

You  will  not  be  expected  to  learn  the  genera  or 
species  of  all  insects  with  which  yon  come  in  contact, 
but  you  should  learn  whether  they  are  flies,  beetles, 
or  moths.  These  words  are  used  loosely  by  many 


people,  and  reports  will  come  in  stating  that  a  quarters 
is  infested  with  "flies'*  when  it  is  really  infested  with 
cereal  moths  or  ^beetles."  The  main  orders  of  com- 
mon insects  and  a  brief  description  of  their  charac- 
teristics are  given  in  the  following  paragraphs. 

Order  Anopiara  (unarmed  tail)*  The  sucking  lice; 
(fig.  1-19)  are  small,  wingless,  flattened  insects  that 
are  bloodsucking  parasites  of  man  and  other  mammals. 
Tjje  species  most  important  to  public  health  are  the 
bod^  louse,  the  head  louse,  and  the  crab  louse.  Their 
moutlgpans,  which  are,  usually  retracted  within  the 
head,  are  modified  for  piercing  and  sucking.  Their  - 
eggs,  or  nits,  are  attached  to  the  body  hairs  or  (in* 
humans)  to  the  -undergarments.  Development  is  by 
gradual  metamorphosis. 

Order  Coleoptero,  (sheath  wing— beetles  and 
weevils^  In.  the  adult  stage,  the  beetles  and  weevils 
(fig.  1-20)  have  four  wings.  The  front  pair  are  heavy 
and  shell-like  and  serve  as.wiraf  covers,  called  elytra: 
which  protect  the  hindwings  and  the  abdomen,  TJ* 
hind  wings  are  membranous  or  cellophane-like  arid 
fold  underneath  the  forewings.  The  mouthparts  are 
fitted  for  chewing,  some  of  which  have  mouthparts 
extended  into  Ja  snout  (these  are  the  true  weevils). 
Beetles  have  r.implete  metamorphosis. 

Order  Derri&ptera  (skin  wing — earwigs).  Earwigs 
(figt  1-21)  are  rather  small,  dark-colored  insects  with 
a  long,  narrow  body  and  a  prominent  pair  of  cerci* 
or  forceps,  at  the  posterior  end.  The  head  bears 
chewing  type  mouthparts  and  relatively  short  an- 
tennae. The  forewings  are  short,  leathery  structures 
which  protect  the  delicate  semicircular  hindwings 
that  are  pleated  Like  a  fan-  Earwigs  are  primarily 
vegetarians  but  will  invade  houses  by  the  thousands* 
and  if  crushed  they  give  off  an  offensive  odor  and  can 
be  seyere  household  pests.  Despite  their  name, 
"earwigs*  are  not  guilty  of  entering  the  human  ear 
and  stinging  a  person  to  death,  as  related  in  some  old 
wives'  tales. 

Order  Dipt  era  (two-winged— flies  and  mosquitoes). 
The  flies  (fig.  1-22),  mosquitoes,  gnats,  midges,  and 
punkies  make  up  thiSj  large  order  of  two-winged  in- 
sects. A  pair  of  kno&s,  or  halteres,  occurs  in  place  of 
the  second  pair  of  wings.  Some  forms*  such  as  the 
"sheep  rick/*  or  ked,  lack  both  wings  and  tfalteres, 
Mouthparts  are  fitted  for  sucking  or  lapping.  These 
insects  undergo  complete  metamorphosis,  .and  the 
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Figure  1- 19*  Order  Anoplura.  a  body  lict. 
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.  Figure  1-20.  Order  Coleoptcnii  *  grain  weevil  '"" 

larvae  arc  called  "maggots"  or  higglers,"  depending 
upon  the  species.  Some  diptera  are  beneficial;  many 
are  neutral  to  man*  and  many  are  serious  pests  and 
vectors  of  disease. 

Order  Hemiptera  (half-winged-- true  bugs).  This 
large  order  comprises  the  true  bugs  (fig.  1-23),  the ' 
only  insects  properly  called  bythtft  name.  The  young 
or  nymphs,  go  through  a  series  of  molts  before  reach- 
ing the  adult  stage,  and  thus  develop  by  gradual  meta- 
morphosis. The  adults  generally  have  two  pairs  of 
wings.  The  forewings  of  these  bugs  are  diagonally 
divided  into  two  parts,  the  forepart  and  the  hind  part. 
The  forepart  is  thickened  and  the  hindpart  is  mem- 
branous. Not  all  of  these  insects  have  wings  but  may 
have  rudimentary  (partial)  wings.  The  bedbug  is  an 
example  of  this.  Bugs  have  a  scutellum,  a  triangular 
body  area  between  the  bases  of  the  overlapping  fore- 
wings.  The  mouthparts  are  modified  into  a  beak  for 
piercing  and  sucking. 

Order  Homoptera  (same  wing — aphids  and  scale 
insecis).  This  name  is  not  a  very  good  guide,  because 
some  have  no  wings  (the  no  n  re  productive  generations) 
and  others  have  dissimilar  wings  {leaf  hoppers).  The 
Homoptera  (fig,  1-24)  share  certain  characteristics 
with  the/~Hemiptera  (half-wingsjf/Sdih  which  they 
were  once  grouped.  They  have  piercing,  sucking 
moiiihparts  which  are  like  jointed  tubes.  They  have 
incomplete  metamorphosis. 

Order  Hymenoptera  (membrane  winged— ants, 
bees,  and  wasps),  Hymenoptera  (fig*  1-25)  are  dis- 
tinguished from  most  other  insects  by  their  four  small 
membranous  wings  with  few  veins.  The  hindwings 
are  smaller  than  the  forewings.  The  mouthparts  are 
suited  for  chewing  or  lapping.  Many  species  have  the 
apparent  first  segment  of  the  abdomen  reduced  to  a' 
slender  waist,  as  in  the  ants.  The  abdomen  joins  onto 
ihe  thorax  by  a  narrow  w^t.  or  "petiole**  {PET-tee- 
ole)  from  which  we  get  the  expression  "wasp-waisted."* 
The  common  ant  is  an  immature,  wingless  female 
called  a  worker.  However,  the  mature  male  and  some 


figure  \*2l  Order  Dernia.pitra.  an  earwig 


female  ants  do  have  wings.  Some  wasps  do  not  have 
wings  (the  so-called  velvet  ants,  or  cow  killers)  but 
are  hairy  and  have  infinitely  painful  stings.  Wasps, 
hornets*  mud  daubers,  and  bees  are  all  relatives  in 
their  order.  However,  only  the  immature  female 
worker,  the  queen  ant  or  queen  bee,  the  female  of  the 
mud  dauber,  and 'the  carpenter  and  solitary  bees  can 
sting.  This  is  made  possible  by  modification  of  the 
egg-laying  apparatus  which  forms  the  stinger.  The 
Hymenoptera  are  the  most  beneficial  of  all  insects, 
only  a  few  being  harmful.  They  furnish  food  for  man  - 
and  pollination  for  fruit  and  grain  products* 

Order  Isoptera  (equal  winged— termites)*  Termites 
(fig,  1-26)  in  the  immature  or  work  stages  or  in  the 
soldier  caste  do  not  have  wings,  but  the  mature  male 
and  female  have,  identical  wings.  When  wings  are 
present,  there  are  two  pairs  which  are  membranous 
with  reduced  venation*  and  both  pairs  are  the  same 
size  and  shape.  They  have  mouthparts  adapted  for 
chewing  and  undergo  gradual  metamorphosis. 


Figure  I-2X  Order  Diptera.  a  housefly. 

Order  Lepidoptera  (scale  winged — butterflies  and 
.moths).  Moths,  (fig.  1-27)  and  butterflies  are  distin- 
guished from  all  other  insects  by  their  large,  showy 
wings-  The  wings  are  usually  completely  covered  with 
very  small  colored  scales  which  rub  off  as  a  fine 
powder  when  the  specimens  are  handled.  Mouthparts 
are  of  the  sucking  type,  resembling  a  coiled  watch\ 
spring  beneath  the  head.  The  larvae  are  caterpillars, 
and  metamorphosis  is  complete. 

Order  Mallophaga  (wool  eaxer — chewing  lice)* 
Biting  lice  (fig.  1-28)  are  external  parasites,  chiefly 
on  birds  (hence^one  name,  bird  lice),  although  a  few 
Jive  on  mammals.  They  are  wingless  and  have  chew- 
ing mouthparts  for  feeding  on  scales*  feathers,  hair, 
or  oily  secretions  from  the  skin.  The  eggs  are  glued 
to  feathers  or  hairs,  and  the  young  lice,  called  nymphs, 
and  rhe  adults  spend,  their  entire  lives  on  the,  host 
antmaL  Development  is  by  gradual  metamorphosis. 

Order  Dittyoptera  (straight  wrnged^cockroaches). 
The*  cockroaches  (fig.  1-29),  walking  sticks,  praying 
man  lids,  and  other  species  belong^fo^this  order  have 
the  chewing  mouthparts.  When  wings  are  present,  the 
forewings  are  thickened  and  feathery  and  have  a 


Figure  1-23.  Order  Heiniptera,  a  bedbug. 

net  venation,  while  the  hind  wings  arc  folded  beneath 
the  forewings  like  a  fan.  Cockroaches  have  long  an7 
tennae  and  legs  rrrodifictf  for  running.  Their  bodies 
are  flattened  from  top  to  bottom,  an  adaptation  that 
enables  them  to  hide  easily  in  cracks  or  under  furni- 
ture. These  primitive  insects  develop  through  a  series^ 
of  nymphai  stages  by 'gradual  metamorphosis. 

Order  fsocopi era  (smell  winged — psocidsj.  Pso£ids 
(fig.  1-30)  are  very  smaE,  soft-bodied  insects  which 
.rnay  or  may  not  have  wings.  When  wings  are  present 
they  may  be  long  or  short,  depending  upon  specie, 
and  normally  there  are  two  pairs.  The  forewings  are* 
a  little  larger  than  the  hindwings,  and  when  this  insect 
is  in  a  resting  position,  the  wings  are  folded  backup  a 
rooflike  fashion  over  the  ahdomm.  Psocids  have 
chewing  mouth  parts  arfd  the  metamorphosis  is  com- 
plete. 

Order  Sipho^apiera  (tube  and  wingless— fleas). 
Fleas  (fig.  1-31)  are  wingless  bloodsucking  parasites 
of  birds  and  mammals.  They  are  very  small  and  their 
bodies  are  compressed  laterally  so  thar  they  are  quite 
narrow  from  side  to  side.  The'  head  bears  piercing- 
sucking  mouth  parts  and  a  ntennae,  and  tt  may.  or  may 
not,  bear  a  pair  of  eyes.  The  legs  are  well  developed 
and  fined  for  jumping.  Many,  species  have  black 
combs,  or  ctertidia.  on  the  thorax  and  head.  Fleas  go 
through  complete  metamorphosis,  with  four  life 


stages;  the  egg,  a  wormlike  larva,  the  pupa  in  a  silken 
cocoon*  and  the  adult. 

Order  Thysanoptera  (fringe  wing—ihrips).  Thrips 
(fig.  1-32)  have  piercing-sncking  mouthparts  which 
are  cone  shaped.  The  wings  when  present  are  very 
hairy,  which  give  them  their  feathery  appearance; 
there  are  two  pairs.  The  metamorphosis  is  somewhat 
complicated  in  that  their  development  is  intermediate- 
between  gradual  and  complete. 

Order  Thysarwro.  Stlverfish  (fig.  1-33}  and  fire- 
brats  have  chewing  monthparts*  scales  on  their 
bodies,  and  three  long  appendages  at  the  posterior 
end  of  the  body.  The  young  possess  the  obvious  struc- 
tures of  the  adults  and  differ  from  them  chiefly  in 
size,  color  and  sexual  maturity. 
■*  The  order  of  insects  just  described  do  not  represent 
all  of  the  insect  orders,  just  the  orders  of  the  more 
common  insects.  The  probability  of  your  coming  in 
contact  with  these  insects  makes  it  important  that  you 
learn  to  identify  them  individually  as  well  as  by  order. 
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Figure  1-25.  Order  Hymeftopierat  a  wasp. 


Exercises  (206): 

Match  distinguishing  characteristics  with  the  appro- 
priate orders  of  insects. 


Figure  1-2*,  Order  Koroopi-ra.  an  aphid. 


Order  of  Ins  rets 

  1.  Anoplura 

  2_  Coleoptera 

  3.  Dermnptera 

 m  4.  Diciyoptera 

  5.  Diptera* 

  6.  Herniplera 

,   7.  Heraoprera 

„   S.  Hymcnoptcra 

  9.  Uoptcra 

—  10.  Lepidoptera 

__  H.  Mallophaga 

  12.  Psbcopiera 

  1%.  Siphonaptcra 

I4r  Thysanoptera 
  15.  Thvsanura 


Distinguishing  Characteristics 
Two-winged  insects  having  hat- 
ceres  that  replace  the  second  pair 
□f  wings  and  mouthparts  adapted 
for  sucking  or  Japping. 
SmalL  wingless,  flattened  insects 
with  mouthparts  usually  retracted 
within  the  head  and  modified  for 
piercing  and  sucking. 
An  insect  order  thai  contains 
insects  that  are  wingless  in  the 
adufr  :  stage  and  have  chewing 
mouthparts.  The  adults,  spend 
their  entire  lives  on  animal  hosts. 
This  insect  order  contains  insects 
that  have  cone-shaped,  piercing 
and  sucking  mouthparts.  When 
wings  ace  pi**ent  ihcy  are  very 
hairy  and  appear  co  be  feaiftcr>\ 
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Figure  1-2&  Order  Uoptera.  a  termite. 


This  order  of  insects  has  piercing 
and  Peking  mouthparts  thaj.arc 
similar  to  jointed  tubes.  Some. of 
the  insects  within  this  order  have 
no  wings  while  others  have  dis- 
similar wings. 

This  order  or  insects  can  be  dis- 
tinguished from  Ml  other  orders 
by  having  large*  showy  wings  zh&: 
arc  usually  completely  covered 
with  very  small  colored  scale*, 
The  mom fi pans  arc  \hc  sucking 
type  and  are  coiled  beneath  the 
head, 

The  order  or  insects  having  chew- 
ing mouthparts,  scales  on  their 
bodies,  and  three  long  appendages 
at  the  posterior  end  of  the  body. 
Rather  smatU  dark-colored  insects  . 
with  a  Jong,  narrow  body  and  a 
prominent  pair  or  cerci  at  the 
posterior  end.  Heads  bear  chew- 
ing mouth  parts  and  relatively 
short  antennae.  The  forew  frigs 
arc  short  leathery  structures  and 
protect  ihe  delicate  semicircular 
hindwjngs  which  are  pleated  like 
a  fan." 

This  order  of  insects,  described 
as  being  very  small  and  soft 
bodied*  may  or  may  not  have 
wings.  When  wings  are  present 
the  forewings  are  a  little  larger 
than  the  hind  wings  and  the  wing* 
are  folded  back  in  a  rooflike  fash- 
ion over  the  abdomen  when  in  a 
resting  position.  The  moutrtpans 
are  adapted  for  Chewing. 
This  order  of  insects,  when  in  the 
mature  stage,  has  two  pairs  of 
identical  wings  that,  are  membran- 
ous wiih  reduced  venation.  The 
mouthparts  are  adapted  for 
chewi  n& 
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Figure  1*27.  Order  Lepidopicra.  a  gram  moth. 


1c  Adult  insects  that  generally  have 
two  pairs  or  wings.  The  forewings 
arc  diagonally  divided  into  two1 
pans,  t  he  forepart  beifig  thic  ken  td 
with  the  hittdpan  being  mem- 
branous. This  order  of  insect*  haj 
a  scutdlum  and  mouth  parts  mod- 
iffoHmo  a  beak  for  piercing  and 
sucking, 

L  The  order  of  insects  thai  is  de- 
scribed as  being  very  small,  wing- 
less, and  parasites  of  birds  and 
mammals.  The  mouth  parts  are 
adapted  for  piercing  and  sucking; 
bodies  are  compressed  laterally, 
and  the  W33  arc  developed  for 
jumping. 

m.  The  order  of  insects  having  chew, 
ing  mouthparts  with  bodies  flat- 
tened from  (op  to  bottom  and  legs 
adapted  for  running,  ir  wings  are 
present*  the  forewiags  are  thick- 
ened and  leathery  and  have  a  net 
venation*  The  hind  wings  afe 
folded  beneath  the  forewinjp  like 
a  fan. 
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Figure  t-2&  Order  Mailophaga,  a  biting  louse. 

n.  This  order  of  insects  has  mouth- 
parts  designed  for  chewing,  some 
of  which  are  '  extended  into  a 
snout.  The  front  pair  or  wings  are 
heavy  and  shell-like  and  the  hind- 
winjp  are  membranous  or  cello- 
phane-like and  fold  underneath 
the  forewing. 

o»  Distinguished  from  other  orders 
of  insects  by  having  four  smaJf 
■  membranous  wings   with  few 

veins.  Hind  wings  are  smaller  than 
the  forewings,  [n  this  order  of 
insects  the  mouthparts  are  suited 
for  chewing  and  lapping  and  En 
many  species  the  apparent  first 
abdominal  segment  is  reduced  to 
a  blender  waist. 


207.  Identify  the  distinguishing  characteristics  of  im- 
portant orders  within  the  Class  Arachnid*. 

Important  Orders  of  Arachnids.  Although  there  arc 
several  orders  in  the  Class  Arachnids,  we  are  inter- 
ested in  only  three:  Scorpibnida  (scorpions),  Araneida 
(spiders),  and  A  carina  (ticks  and  mites). 
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Figure  [-29,  Order  Dinijnfn*ia.  a  cockroach. 

Order  Scorpionida  (scorpions).  Scorpions  (fig.  1*34) 
are  arachnids  with  the  segmented  abdomen  broadly 
joined  to  the  cep halo  thorax  and  ending  in  a  stinger. 
The  long,  slender  tip  of  the  abdomen  bears  a  stinger 
enclosing  a  venomous  gland,  which  is  used  to  paralyze 
prey  and  as  a  defensive  weapon.  The  large  pinccrlike 
palps  used  to  catch  and  hold  prey  are  borne  in  front  of 
the  first  pair  of  legs. 

Order  Araneida  (spiders).  Spiders  (fig.  1-3)  differ 
from  other  arachnids  in  having  the  cephalothorax 
joined  to  the  abdomen  by  a  slender  waist,  known  tech- 
nically as  a  pedicel  and  having  the  abdominal  seg- 
mentation either  indistinct  or  absent.  Spiders  are 
generally  harmless  and  serve  a  useful  purpose  in  de- 
stroying flies,  mosquitoes,  and  otherinsects.  However, 
some  species  of  Widow  spiders,  which  have  an  hour- 
glass marking  on  the  underside  of  the  abdomen  (genus 
Latroductus).  have  a  very  venomous  bite  that  is  known 
to  kill  people.  The  bite  of  spiders  in  the  genus  Loxo- 
seeks  in  the  Americas  can  cause  skin  gangrene  and 
sometimes  death. 

Order  Acarina  (ticks  and  mites).  Ticks  and  mites 
(fig.  1-35)  have  the  head,  thorax*  and  abdomen  com- 
bined into  a  single  body  region*  and  are  often  saclike 
in  form.  Most  ticks  bear  a  hypostome  provided  with 
recurved  teeth*  which  is  used  as  a  holdfast  organ  after 


Figure  tOQ,  Order  Psocopicra,  a  psocid. 


the  mouth  parts,  called  chedcerae,  have  made  an  in- 
cision into  the  flesh  of  most  mammals,  birds,  reptiles, 
and  amphibians  in  order  to  obtain  blood,  Mites  are 
usually  much  smaller  than  ticks,  and  the  hypostome, 
if  present,  is  not  armed  with  teeth.  Ticks  and  mites 
have  three  pairs  of  legs  in  the  first  or  larval  scage,  but 
typical  nymphs  and  adults  have  four  pairs  of  legs. 
Next  to  thejpsects,  ticks  and  mites  are  the  most  im- 
portant arthropod  vectors  of  human  diseases. 


Exercises  (207): 

Match  the  following  adult  characteristics  of  the  Class 
Arachnida  to  the  proper  order. 


Aduit  Characteristics  Order 

I..  The  head,  thorax,  and  abdomen  are  a.  Scorpionida 

combined  to  form  a  single  body  b,  Araneida 

region.  c,  Acarina 


Figure  1-31*  Order  Siphonaptcra,  a  flea. 

 — —  2*  The  abdomen  is  segmented  and 

broadly  joined  to  tL:  cephalothorax 

and  cuds  with  a  Wringer,  _^ 
 3,  The  oephalothorax  is  joined  to  the 

abdotrtffl  by  a  slender  waist. 

1-3.  Arthropod  Physiology 

Insect  physiology  deals  with  the  functioning  of. 
ceils,  organs,  and  tissues  which  are  involved  in  main- 
taining life  processes  of  insects. 

In  this  section  we  will  discuss  the  internal  structure 
of  insects  and  compare  the  life  processes  of  insects 
with  higher  animals.  The  sensory  organs  of  the  insect 
will  also  be  discussed  because  these  are  very  impor- 
tant points  that  must  be  fully  understood  by  entomolo- 
gists within  the  Air  Force  in  order  to  manage  insects 
effectively, 

208,  State  the  functional  purposes  of  the  main  body 
systems  of  insects,  and  identify  their  internal  struc- 
tures and  life  processes. 

The  Internal  Structure  and  Physiology  of  Insects, 
Insects  have  all  the  major  body  systems  that  are  found 
in  higher  animals.  Insects  and  humans  differ  not  only 
in  their  skeletal  system*  but  also  in  the  arrangement 
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Figure  1-32  Order  Thysanopttra.  a  thiip. 

of  their  major  internal  organ  systems.  The  positions 
of  the  "heart/  or  chief  circulatory  organ,  and  the 
nervous  system  are  the  exact  opposite  in  the  insect 
and  in  man.  In  the  insect  the  "heart"  is  on  the  dorsal t 
or  upper  side,  and  the  central  nerve  cord  is  on  the 
ventral,  or  underside.  En  man,  by  contast,  the  heart 
is  on  the  ventral  side  and  the  main  nerve  cord  is  en- 
cased in  the  spinal  cord  on  the  back,  or  dorsal  side. 

The  circulatory  system.  The  insect  circulatory  sys- 
tem is  an  "open"  one  in  the  sense  that  the  blood  is  not 
enclosed  in  blood  vessels  but  circulates  freely  through- 
out the  body  cavity.  The  blood  seeps  into  the  heart 
or  dorsal  blood  vessel  through  valves  (ostia)  and  is 
pumped  into  the  head  region  through  the  anterior 
part  called  the  aorta  (fig.  1-36).  From  the  head|  region 
the  blood  flows  backwards,  bathing  the  various  tis- 
sues, fn  the  legs,  and  antennae,  small  pulsating 
organs  help  circulate  the  blood.  Typically,  the  blood 
is  colorless  or  greenish  yellow.  Only  in  a  few  insects, 
such  as  the  bloodworm  midge  larvae  (Chiron  omus), 
does  the  blood  have  a  reddish  color  due  to  hemoglobin. 
The  blood  does  not  bear  oxygen  and  carry  eff  carbon 
dioxide  and  serve  as  a  part»of  the  respiratory  system 
as  in  the  higher  animals.  One  of  its  main  functions  is 
to  remove  waste  products  from  body  cells  and  carry 
them  to  the  malpighian  tubules.  Insect  blood  contains 
phygocytes  that  perform  the  usual  function  of  destroy- 
ing foreign  matter  and  plugging  wounds  in  the  body 
wall. 

The  nervous  system.  The  insect  nervous  system 
(fig..  1-37)  contains  nerve  tissues  and  organs  much 
like  those  found  in  the  higher  animals.  The  brain  lies 
in  the  head  above  the  esophagus  and  is  connected 
to  the  subesophageal  ganglion  by  two  nerve  cords 
encircling  the  esophagus.  A  double  nerve  cord  extends 
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Figure-  1-33.  Order  Th>sanura.  a  siktrfish. 


backward  along  the  ventral  surface  of  the  body  cavity/ 
Jn  primitive  insects  each  segment  of  the  thorax  has 
a  nerve  center  or  thoracic  ganglion.  They  also  have 
a  ganglion  (plural,  ganglia)  in  each  abdominal  seg-' 
ment,  but  these  have  been  reduced,  in  most  of  the 
higher  insects. 

The  respiratory  system.  Air  enters  the  insect  body 
Jhjough  spiracles,  or  external  openings  on  the  body 
wall,  into  large  tracheal  trunks  which  usually  extend 
the  length  of  the  body.  Many  tracheae  branch  off 
these  main  trunks  and  carry  air  to  the  tissue  through  ' 
their  finely  branched  tracheotes  (fig*  1-38}. 

Respiratory  movements  of  the  insect  body  alter- 
nately compress  and  expand  the  large  tracheal  trunks, 
thereby  ventilating  the  main  branches  of  the  respira- 
tory system.  Some  insects  are  abfe  to  regulate  the 
flow  of  air,  taking  it  in  through  anterior  spiracles  and 
expelling  it  through  posterior  spiracles.  Mosquito 
larvae  breathe  air  through  two  openings,  at  the  ttp  of 
the  air  tube  in  culicine,  or  on  a  spiracular  plate  in 
a  nop  he  line  larvae. 


Figore  1-34.  Order  Scorpionida*  a  scorpion. 

Oxygen  is  carried  to  all  parts  of  the  insect  body  by 
these  tracheal  tubes.  This  same  system  also  acts  to 
carry  waste  carbon  dioxide  from  the  body  tissues. 
Considerable  Joss  of  water  through  this  system  would 
occur  if  it  were  not  for  the  presence  of  valves  in  the 
spiracles.  Jn  some  insects' these  openings  are  regu- 
lated'by  the  presence  of  carbon  dioxide,  an  excess  of 
this  gas  causing  them  to  open.  Oxygen  requirements 
„of  insects  are  of  the  order  of  I4  cubic  millimeter  of 
oxygen  per  gram  of  body  weight  per  hour,  varying 
greatly  with  .species  and  circumstances,  such  as  tem- 
perature and  homidity. 

The  digestive  system.  Insects  feed  on  a  variety  of 
foods,  such  as  blood,  animal  tissue,  stored  foods/ 
green  grass,  plant  juices,  and  wood.  The  mouthparts 
and  digestive  system  are  adapted  to  changing  these  - 
complex  foods  into  simple  carbohydrates,  fats,  and  - 
-  proieins  that  will  nourish  the  body  cells.  The  digestive 
system  consists  of  an  alimentary  canal,  which  is 
basically  a  tube  running  from  the  mouth  to  the  anus. 
It  is  divided  into  a  foregut.  -midgut,  and  hindgut  cor- 
responding to  ijsjcmbryoiogical  origin  (fig.  1-39)'. 
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Figure  1-35.  Otier  Acarina.  a  tick. 


The  food  taken  into  the  mouth  passes  through  the 
oesophagus  to  the  crap,  which  is  an  enlarged  portion 
of  the  foregut  that  is  used  for  food  storage.  Some 
insects  have  a  proventrtculus.  or  gizzard*  where  food 
may  be  ground  into  finer  particles.  The  food  then 
passes  into  the  stomach,  or  midgut,  where  digestion 
takes  place.  The  undigested  food  then  passes  out 
through  the  intestine  and  anus  as  fe*:es-  Most  insects 
have  salivary  glands  and  gastric  caeca  to  provide 
enzymes  for  food  digestion. 

'The  excretory  system-  An  arthropod's  undigested 
food  is  expelled  from  the  body  as  feces,  whereas  the 
excretions  of  true  body  wastes,  the  byproducts  of 
growth  and  metabolism,  are  carried  by  the  blood  and 
the  maipighian  tubules  and  discharged  into  the  in- 
testine near  the  junction  of  the  midgut  and  the  hindgut 
(fig.  1-39).  -^f 

The  reproductive  system.  Mostyirtsects  have  two 
sexes,  which  must  mate  before  eggs  are  produced. 
An  insect  usually  produces  large  numbers  of  eggs, 
although  some  species  produce  very  tew  eggs  and 
othen  may  produce  living  larvae-  Insects  laying 
eggs  are  said  to  be  oviparous,  while  those  species  de- 
positing larvae  are  said  to  be  lamiparous.  The  Tsetse 
fly.  for  example,  gives  birth  to  larvae  already  fulJ 
grown  and  ready  to  pupate. 


A  few  insects  have  only  one  sex,  the  lemale,  which 
can  produce  young  without  fertilization  by  a  male, 
as  in  the  Surinam  cockroach.  This  type  of  reproduce 
tion  is  called  parthenogenesis,  or  virgin  birth.  These 
insects  are  not  hermaphrodites,  since  no" male  organs 
are  present 

The  male  reproductive  system  (fig.  l^tO)  consists  of 
a  pair  of  testes  in  which  sperm  cells  are  developed, 
and  ducts,  or  vas  deferens*  leading  to  the  penis  or 
ejaculatory  organ.  The  seminal  vesicle  serves  as  a 
reservoir  for  Storing  sperm  cells  until  mating  occurs. 
The  accessory  glands  secrete  a  liquid  substance  to 
serve  as  a  vehicle  for  the  sperm  cells. 

The  female  reproductive  system  (fig,  1-41)  consists 
of  a  pair  of  ovaries,  which  produce  eggs  (ova),  and 
the  oviduct  through  which  the  eggs  pass  into  the 
vagina,  where  they  may  be  fertilized  by  male  sperm 
cells  stored  in  the  spermazheca  (or  spennathecae). 
Some  species  have  accessory  glands  that  secrete  an 
adhesive  coating  for  the  eggs.  A  single  copulation 
usually  supplies  the  female  with  enough  sperm  to 
fertilize  a  large  number  of  eggs,  whether  she  lays 
them  all  at  one  time  or  at  intervals  over  a  long  period. 

The  skeletal  system.  We  have  mentioned  the  skeletal 
system  in  previous  sections  dealing  with  classification; 
but,  at  this  point,  we  need  to  find  out  just  what  the 
skeletal  system  is  composed  of.  Because  of  theVole  it 
plays  along  with  the  muscle  system,  it  warrants  further 
discussion.  j 

The  insect's  exoskeleton  (fig.  1*2)  is  the  supporting 
framework  for  the  outside  body.  The  exoskeleton  actu- 
ally surrounds  the  body  of  an  insect.  This  exoskeleton 
is  composed  of  protein-carbohydrate  material  known 
as  chitin.  which  is.  secreted  by  the  cells  of  the  epider- 
mis or  skin.  The  chitin  is  firsi  a  liquid  when  secreted 
and  then  becomes  hardened,  which  forms  the  exo- 
skeleton. It  will  not  bend  or  stretch  after  tt  hardens 
upon  secretion.  The  adult  insect  body  is  only  capable 
of  movement  because  of  soft  flexible  tissues  (inter- 
segmental  membranes)  between  the  body  segments. 

The  muscular  system^  The  insect's  muscular  system 
is  the  companion  of  the  skeletal  system.  It  allows 
movement  and  is  an  important  characteristic  of  ani- 
mal life.  The  muscular  system  is  supported  by  and  at- 
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Figure  1-36,  Insect  circulatory  sysrcm  Id  la  gramma  tick 
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tached  to  the  exoskeleton  and  serves  to  move  the 
appendages  of  the  body  and  operate  the  organs  of  the 
body  which  carry  on  the  life  processes,  such  as  the 
heart,  spiracles,  and  intestines. 


Exercises  (208): 

Match  body  system  fn fictions  of  insects  with  the 
Organs  by  placing  the  appropriate  letter  beside  the 
function. 


Figure  1-37.  Insect  nervous  system  (diagrammatic)* 

b 


The  type  of  reproduction  in  which  insects  have 
only  one  sex  and  still  have  the  capability  of  pro- 

ducingyoungis  known  as  ' 

A  snb stance  that  h  first  a  liquid  when  secreted 
and  gradually  hardens  and  becomes  the  snp port- 
ing framework  for  an  insect's  body  is  


d.  The  flexible  tissues  located  between  an  insect's 
body  segments  that  allow  movement  within  the 
body  of  the  insect  is  referred  to  as  


Organ 
£u  Trachea 
b>  Ganglion 
c>  Spiracles 
d.  Prorvciurtculu* 
c>  Maipighian 

tubules 
I  Osiia 


Body  System  Function 

.  L  Ad  Insect  organ  that  assists  jn  re- 
moving body  waste 

_  2.  An  insect  organ  that  allocs  air  to 
enter  the  body. 

.  3.  The  organ  that  acts  as  the  insect's 
nerve  center. 

.  4.  TheorganthaUransfcrsairthrough- 
out  the  insect's  oody. 

-  5,  An  organ  possessed  by  some  inserts 
that  aids  in  digesting  food. 


6-  Complete  the  following  statements  pertaining  to 
insect  physiology:  . 

a.  The  term  applied  to  egg-laying  insects  is  


e.  The  muscular  system  of  insects  is  most  depend- 
ent upon  and  is  a  companion  of  the  -  — 


f.  The  circulatory  system  of  an  insect  that  allows 
blood  t©  circulate  freely  throughont  the  entire 

body  cavity  unenclosed  is  an  

circulatory  system. 

209*  Identify  The  principal  organs  used  in  each  of  the 
five  basic  senses  of  insects.  " 


The  Senses  of  Insects.  Insects  have  the  same  senses 
that  are  associated  with  man.  There  are  the  Ave 
primary -senses  of  touch,  taste,  smell,  hearing,  and 
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Figure  1-38.  Insect  respiratory  system  <  diagram  marie ). 
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sight*  and  other  auxiliary  senses  such  as  the  sense  of 
balance  and,  possibly,  a  sense  or  orientation, 

Touch.  Because  of  its  hardened  cuticle,  the  insetfjPs 
skin  is  not  sensitive  to  contact  The  sense  of  touch  is, 
there/ore,  served  by  sensory  hairs  occurring  over  most 
regions  of  the  body.  Figure  1-42  compares  the  sensory 
hair  with  an  ordinary  hair*  illustrating  the  nerve 
which  is  stimulated  if  hairs  are  bent  or  distorted. 

The  antennae,  or  feelers,  are  important  organs  of 
touch.  The  tarsi  and  cerci  ate  also  sensitive  to  contact, 
and  insects  react  very  quickly  to  pressure  on  these 
organs. 

Taste  end  smeil  Chemical  stimuli  resulting  from 
the  presence  of  odors  and  substances  with  a  taste 
are  usually  perceived  by  small  rodlike  organs  project- 
ing from  the  body  surface.  Taste  is  usually  perceived 
by  the  mouth,  the  mouthparts,  the  palps,  or  the  front 
feet.  The  sense  of  smell  is  localized  mainly  in  the  an- 
tennae, although  palps  also  bear  olfactory  organs. 
The  sense  of  smell  is  highly  developed  in  insects*  It 
is  used  to  locate  food,  to  find  a  mate  and  to  locate 
suitable  places  for  depositing  the  eggs. 

Hearing.  The  sense  organs  and  degree  of  sound 
preception  are  different  among  insect  groups.  Insects 
do  not  generally  respond  to  miscellaneous  sounds  but 
oniy  to  specific  noises,  such 'as  sounds  made  by  tftc 
opposite  sex.  This  may  be  due  to  discrimination  by  the 
insect  rather  than  to  the  lack  of  sound  perception. 
Sound  waves  may  be  picked  up  by  fine  sensory  hairs 
or  by  special  organs  such  as, the  auditory  drum  that 
appears  on  the  side  of  the  abdomen  or  the  lower  pan  > 
of  the  front  legs.  Flies  and  mosquitoes  are  believed 
to  hear  by  means  of  a  cuplike  organ  on  the  second 
antennal  segment  which  responds  to  sound,  waves 
picked  up  by  the  rest  of  the  antennae. 

Sight.  The  principal  organs  of  sight  arc  the  com- 
pound eyes  and  ocelli  (fig.  1*8).  Fly  maggots  do  not 
have  eyes  but  arc  able  to  detect  the  presence  of 
light  by  means  of  sensitive  tissue  underlying  the 
curicle*  This  sense  is  of  value  to  the  mature  maggot 
when  it  leaves  its  feeding  site  and  burrows  into  the 
ground  to  pupate. 

The  Compound  eyes  and  facets  are  provided  with" 
nerves  which  transmit,  stimuli  to  the  brain.  Insects 
can  perceive  movements  very  readily,  and  visual 


powers  usually  vary  according  to  the  demands 
made  on  them  by  the  habits  of  the  insect.  Labora- 
tory tests  have  proved  that  insects  are  able  to  dis- 
tinguish colors,  whereas  some  of  the  higher  animals, 
such  as  rats,  arc  color-blind:  The  insect  can  neither 
move  its  eye  nor  focus  them*  However*  the  praying 
mantid  can  rotate  its  head  ISO*  and  is  thought  to  have 
a  good  sense  of  vision. 

There  is  some  speculation  that  insects  are  able  to 
reason.  Although  there  is  no  proof  that  can  substanti- 
ate this*  many  of  their  complex  instinctive  actions 
simulate  the  results  of  reasoning.  For  example*  a  wasp 
deposits  an  egg  upon  a  spider  that  has  been  paralyzed 
by  a  deft  sting  in  one  of  the  main  nerve  centers.  The 
spider  is  then  buried  in  a  small  cavity  in  the  ground 
and  covered  with  earth  where  the  egg  incubates.  The 
wasp  then  uses  a  large  grain  of  sand  as  a  hammer  to 
tamp  the  earth  over  her  nest 

Insect  behavior  appears  to  be  a  series  of  reflex  ac- 
tions or  automatic  responses  to  certain  stimuli.  Most- 
insects  feel  secure  if  their  feet  are  touching  the  ground 
or  some  solid  object.  Some  bugs  and  beetles  turned 
over  on  their  backs  will  struggle  violently  (o  regain 
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Figure         Male  insect  reproductive  system  i diagrammatic:). 
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Trffure  Ml.  remain  insea  reproductive  sysreni  (diagram  matic^ 


their  feci;  but  their  struggles  cease  if  they  arc  given 
a  small  object  to  hold,  The  honeybee  is  able  to  return 
to  iis  hive  by  orienting  its  flight  according  to  the 
declination  of  the  sun.  It  performs  a  dance  in  the  hive 
which  indicates  to  other  worker  bees  the  Location  of 
flowers  with  nectar  in  relation  to  the  declination  of  the 
sun  and  the  distance  from  the  hive.  Despite  these  com- 
plex instinctive  actions,  it  is  believed  that  virtually 
all  insect  behavior  arises  from  responses  to  simple 
stimuli  such  as  light,  heat,  gravity,  hunger,  and  smell. 

The  only  animals  that  can  fly  are  birds,  bats,  and 
insects.  The  ability  to  fly  enables  insects  to  escape 
many  of  their  enemies,  to  locate  their  food,  to  find 
their  mates,  and  to  populate  the  earth.  Insects  such  as 
the  grasshopper  have  extremely  strong  muscles  de- 
voted to  flight  The  flight  muscles  of  the  housefly 
comprise  10  percent  of  the  body  weight.  They  activate 
the  wings  indirectly  by  distortion  of  the  body  wall. 
Housefly  wings  often  vibrate  at  the  rate  of  about  200 
strokes  per  second.  In  one  cycle  they  beat  downward 
and  forward  and  then  turn  vertically  with  edge  upper- 
most and  move  backward.  Some  insects  are  able  to 
hover  and  even  to  flv  backward. 
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Erercb»(2W): 

L  The  antennae  of  insects  provide  some  sense  of 
touch,  but  the  main  sense  provided  by  the  antennae 
is 'the  sense  of  .  y 

2.  Special  hpirs  which  occur  over  most  regions  oi  the 

insect  body  provide  the  sense  of  and 

also  aid  in  the  sense  of ,  

,3.  Insects  have  the  ability  to  rotate  and  focus  their 
eyes,  (True/ False) 

4.  The  skin  of  insects  is  a  means  of  providing  the 
sense  of  touch.  (True/ False) 

5.  Small  rodlike  organs  which  project  from  the  body 
surface  provide  the  seme  of  

6.  The  sense  of  smell  possessed  by  insects  is  not  only 
used  10  locate  food  and  to  find  a  mate  but  is  also 
used  to  locate  suitable  places  for  
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Unlike  humans,  insects  are  able  10  perceive  move- 
ments very  readily  because  of  their  

eyes. 

An  ability  of  an  insect  that  is  shared  only  by  birds 

and  bats  ts  the  ability  to  = — ; —  . 

It  is  believed  that  virtually  all  insect  behavior 
arises  from  responses  to  simple  ,  :  - 
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Figure         Comparison  of  instel  ordinary  hair  and  sensory  Hair. 
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CHAPTER  2 


Pest  Management  Planning  and  Coordination 


AS  AN  AIR  FORCE  pest  manager,  you  must  under- 
stand the  procedures  for  planning  and  coordinating 
effective  pest  management  programs.  Planning 
effective  programs  involves  many  aspects  most  people 
have,  not  considered.  Pest  management  programs 
'  mu$t  be-effective,  practical,  and  safe.  This  chapter  will 
explain  the  procedures  used  in  planning  effective  and 
safe  pest  management  programs  and  will  identify 
organizations  and  agencies  that  may  be  involved  in 
pest  management  with  :whom  you  should  coordinate. 


2-1.  Pest  Surveys  and  Collection 

Ther  first,  step  in  the  pest  management  planning 
phase  is  conducting  pest  surveys.  Pest  surveys  are 
necessary  to  detect  actual  or  potential  breeding 
sources  of  pests  in  order  to  prepare  recommendations 
for  the  prevention  or  elimination  of  such  sources.  Such 
surveillance  involves  operating  Eight  traps:  locating 
and  mapping  breeding  sources:  and  making  biting  and 
landing  counts,  resting  station  collections;  population 
estimates*  and  sanitary  inspections.  The  proper 
handling,  packaging,  and  submitting  of  specimens  to 
designated  laboratories*  in  a  condition  which  will 
allow  identification  and  isolation  of  disease  agents, 
Is  often  required.  This  is  particularly  important  in  the 
detectioo  of  vector  agents  that  might  be  used  in 
biological  warfare  attack. 

In  this  section  you  will  learn  the  types  of  surveys, 
when  and  how  the  surveys  areconducted.  information 
gained  from  conducting  surveys*  and  pest  collection 
methods  and  equipment. 


210.  List  the  types  of  pest  surveys  state  the  purpose 
for  conducting  pest  surveys,  and  select  the  method  for 
conducting  surveys  for  identified  pests. 


Pest  Surveys.  After  completing  this  objective  you 
will  understand  the  purpose  for  conducting  pest 
*  surveys  and  recognize  the  types  and  methods  for 
conducting  the^e  Surveys. 

purpose  of  surveys*  Surveys  provide  you  the  basis 
for  determining  whether  or  not  management  programs 
should  be  implemented:  and  if  so,  they  will  provide 
you  tfie  basis  for  determining  the  type  of  management 


program  to  be  implemented.  In  addition,  surveys  are 
used  for  monitoring  conditions  that  may  possibly 
enhance  pest  problems,  and  are  an  effective  way  of 
evaluating  pest  management  programs  that  have 
already  been  established.  The  importance  of  surveys 
will  be  better  understood  as  the  types  of  surveys  axe 
discussed. 

.Types  of  surveys.  There  are  three  basic  types  of 
surveys,  and  each  type  is  determined  primarily  upon 
the  sequence  in  which  they  axe  conducted. 

The  originaij basic  survey  is  the  first  survey  to  be 
made  prior  to  planning  any  pest  management  pro- 
gram. If  you  happen  to  be  the  supervisor  of  an  ento- 
mology section,  this  survey  may  be  your  initial  survey 
conducted  upon  your  arrival  at  a  new  assignment.  The 
original /  basic  survey  may  also  be  the  first  of  the  year, 
or  it  may  be  the  one  that  is  conducted  at  the  beginning 
of  each  job  order  or  work  order  regardless  if  you  are 
supervisor  or  not. 

When  conducting  original/  basic  surveys,  the 
following  information  should  be  obtained: . 

*  Prevalence  of  beneficial  and  detrimental  plants 
and  animals. 

*  Detrimental  and  beneficial  aspect  of  plants  and 
animals. 

*  Conditions  that  are  conducive  to  pest  infestations. 

Once  this  information  is  obtained*  it  is  analyzed  to 
determine  the  type  of  management  program  to  be 
implemented,  such-  as: 

*  Preventive  pest  management  procedures. 

*  Safe  and  effective  corrective  pest  management 
procedures. 


Routine  surveys,  the  second  type*  are  used  con- 
tinuously to  monitor  pest  populations  and  conditions 
that  create  potential  pest  problems.  Pest  problems  are 
rarely  ever  eliminated;  they  are  just  arrested  tem- 
porarily, which  means  the  problems  can  and  will  most 
probably  reoccur.  Routine  surveys  must  be  accom- 
plished frequently  and  should  become  a  subconscious 
part  of  you  during  your  travels  throughout r  the  base 
area. 

While  conducting  these  routine  surveys  you  will  be 
seeking  the  same  information  that  is  furnished  by  the 
survey  previously  discussed,  and  you  will  be  searching 
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your  mind  for  more  effective  pest  management 
techniques.. 

Operational  surveys  are  conducted  after  pest 
management  programs  have  been  implemented  or 
completed  to  determine  program  effectiveness.  These 
surveys  should  always  be  accomplished  after  each 
job,  because  this  is  the  only  way  you  can  see  results  of 
your  expended  efforts.  They  arc  the  only  way  you  can 
insure  that  the  pests  have  been  managed  effectively. 
When  conducting  operational  surveys  you  should  also 
be  looking  for  any  undesirable  side  effects  of  your 
pest  management  program.  If  your  program  did  not 
accomplish  the  job  adequately  or  did  haveside  effects, 
you  should  reevaluate  the  problem,  study  tbe  situation 
more  carefully,  and  possibly  seek  assistance  from 
other  sources  in  order  to  do  the  job  more  adequately. 

Survey  methods-.  Pest  surveys  are  conducted  in 
many  ways,  depending  upon  the  pest  you  want,  to 
survey  for  and  the  information  you  are  wanting  to 
obtain.  There  are  six  basic  methods  for  conducting 
most  pesi  surveys. 

Visual  inspection  is  one  method  for  conducting 
surveys:  This  method  is  especially  useful  for  checking 
conditions  that  exist  on  base  and  areas  immediately 
adjacent  to  base  property.  This,  involves  checking 
sanitary  conditions;  low-tying  areas  that  retain  water; 
rodent  runways,  gna wings,  and  droppings:  artificial 
containers  that_hold  water:  interior  walls  for  cock- 
roach and  flyfecaJ  material;  structures  for  the  presence 
of  termites,  fungi,  and  wood  borers;  and  ornamental 
shrubs,  trees,  and  grasses  for  unusual  coloring  or 
damage. 

Trapping  is  a  survey  method  that  is  used  principally 
for  collecting  mosquitoes,  ornarnenral  and  turf  pests, 
and  rodents.  Trapping  may  be  used  to  collect  live 
specimens  for  conducting  research  to  determine  if  they 
are  carrying  diseases,  or  trapping  can  be  used  for 
collecting  specimens  simply  for  determining  identity 
and  prevalence  t)f  certain  pests.  , 

Dipping  is  a  method  for  conducting  mosquito 
larvae  surveys.  Since  all  mosquitoes  develop  in  water- 
bodies  of  water  small  or  large,  can  be  dipped  near  the 
edges  for  detecting  the  presence  of  mosquitoes  before 
they  become  adults. 

5£ftttmtfl£  is  another  survey  method  used  for  certain 
mosquito  larvae.  This  method  is  used  for  detecting 
mosquito  species  that  lie  parallel  to  the  water  surface. 

Biting  and  landing  count  surveys  are  used  for 
sampling  populations  of  flies  and  mosquitoes.  When 
performing  this  type  of  survey,  it  should  be  conducted 
at  the  same  time  of  day,  for  the  same  period  of  time, 
and  using  the  same  subject- The  subject  may  be  human 
or  other  animal*  and  in  the  case  of  nonbiting  (lies, 
dead  baits  may  be  used. 

Probing  is  a  survey  method  used  for  detecting 
damage  caused  by  structural  pests  such  as  termites, 
fungi,  and  wood  borers.  This  method  can  also  be  used 
for  taking  random  samples  of  packaged  stored  foods 
for  the  detection  of  rtored  food  pests. 

Remember,  these  are  not  all  of  the  pest  survey 
methods,  but  these  are  the  methods  used  most  often. 


Other  survey  methods  will  be  discussed  later,  along 
with  discussions  concerning  specific  pests. 


Exercises  (210): 

I.  List  the  three  basic  types  of  surveys. 


2,  State  me  purpose  for  conducting  pest  surveys. 


3,  A  survey  method  that  is  used  for  taking  random 
samples  of  stored  foods  in  detecting  stored  food 
pests  is  


 'is  a  survey  method 

used  for  detecting  mosquito  larvae  that  lie  parallel 
to  the  water  surface. 


5,  The  survey  method  used  for  determining  identity 
and  prevalence  of  ornamental  and  turf  pests  is 


6.  The  three  remaining  survey  methods  are . 
 ,  ;  _,and  


-II,  State  the  purpose  for  collecting  pests  and  list 
collection  methods  and  equipment  required  for 
collecting  identified  pests. 


Pest  Collection.  Pest  collection  and  survey  methods 
are  most  generally  accomplished  together;  however, 
the  degree  in  purpose  and  methods  may  be  somewhat 
different 

Purpose  of  collecting.  Specific  information  of 
medically  important  pests  is  often  very  useful  and  in 
many  cases  most  essential  in  determining  the  manage- 
ment technique  that  should  be  used  in  their  control 
Since  there  are  a  tremendous  number  of  species,  exact 
determination  of  a  specimen  frequently  requires  a 
specialist.  The  collection  and  processing  techniques  to 
be  used  will  depend  upon  whether  the  purpose  is 
surveillance  and  identification  of  vectors  or  the 
detection  and  identification  of  disease  agents.  In  the 
latter  case,  live  samples  must  be  forwarded^  after 
special  processing,  to  an  appropriate  detection  and 
identification  laboratory.  Bear  in  mind  that  living 
specimens  cannot  always  be  forwarded  through. the 
mails. 
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Collection  methods  and  equipment.  Pest  collection 
can  be  accomplished  in  many  ways,  and  there  is  a 
variety  of  equipment  that  can  be  used;  however,  this 
ter*t  will  only  discuss  the  most  common  recognized 
methods  and  equipment. 

Trapping  is  an  effective  way  of  collecting  adult 
insects  such  as  mosquitoes,  flies,  and  ornamental  and 
turf  pests;  and  for  collecting  cockroaches*  rodents* 
predatory  animals,  anji  birds-  Traps  may  be  used  for 
collecting  specimens  that  must  be  kept  alive  for 
research  or  for  collecting  specimens  simply  for  identifi- 
cation, determining  the  quantity  present  within  an 
area,  or  for  preservation.  Trapping  can  be  accom- 
plished by  using  various  types  of  light  traps  such  as  the 
communicable  disease  center  miniature  light  trap 
(fig,  2-1),  black  light  trap  (fig.  2-2)  and  the  American 
light  trap  (figs.  2-3  and  2*4).  These  traps  are  used 
primarily  at  night  so  the  light  will  attract  certain 
night-Hying  insects,  such  as  most  species  of  mosquitoes 
and  many  ornamental  and  turf  pests. 

Cage  traps  of  various  sizes  are  used  for  collecting 
live  specimens  such  as  flies,  mosquitoes,  rodents, 
predatory  animals,  and  birds.  Most  generally,  cage 
traps  are  baited  with  decaying  matter,  live  animals, 
or  carbon  dioxide  to  attract  desired  specimens.  Cage 
traps  arc  especially  beneficial  forcofrecting  specimens 
that  must  be  kept  alive  for  research  and  collecting 
ectoparasite  hosts.  Figures  2-5,  2-6,  2-7,  and  2-8 
illustrate  the  various  type  of  cage  traps. 

Open-mouthed  jar  traps  can  be  used  effectively  for 
collecting  many  types  of  crawling  pests  such  as  cock- 
roaches and  pests  active  in  lawns.  These  traps  are 
usually  baited  to  attract  pests.  Once  they  have  entered 
the  jar,  exit  is  prevented  by  an  oil  coating  which  has 
been  previously  applied  around  the  inner  surface  of 


the  jar  lip.  Jar  traps  used  in  lawns  should  be  buried 
with  the  jar  Hp  level  with  the  surface.  * 

Dipping  and  skimming  are  two  methods  used  in 
collecting  mosquito  larvae.  This  is  accomplished  by 
using  a  standard  dipper.  To  aid  larvae  recognition, 
the  dipper  should  be  white  porcelain,  and  it  should  be 
designed  so  that  an  extension  handle  can  be  easily 
connected.  Figure  2-V  illustrates  the  dipper  with  an 
extension  handle. 

Biting  and  resting  station  collection  methods  are 
conducted  by  using  aspirators  and  killing  tubes.  An 
aspirator  is  constructed  from  a  section  of  plastic  or 
glass  tubing  approximately  12  inches  long  with  an 
inside  diameter  of  about?  3/  8  inch.  One  end  of  the  tube 
is  covered  with  a  fine  wire  screen  and  then  inserted  into 
a  piece  of  rubber  tubing  2  to  3  feet  long.  The  aspirator 
is  illustrated  in  figure  2-10.  The  aspirator  is  used  for 
collecting  small  flying  insects  (as  they  are  biting  or 
resting)  by  placing  the  end  of  the  rubber  tubing  in  your 
mouth  and  placing  the  end  of  the  glass  tubing  over  the 
insect  and  sucking  in  a  quick  breath.  One?  the  insect 
has  been  sucked  into  the  glass  tube,  remove  the  glass 
tube  and  place  your  finger  over  the  end.  The  specimen 
can  now  be  emptied  into  a  killing  tube  and  later 
transferred  into  a  pillbox.  Killing  tubes  (fig.  2-1 1)  are 
constructed  from  glass  vials  approximately  6  inches 
long  and  1 J2  inch  in  diameter.  The  bottom  of  the  vial 
is  filled  "with  chopped  rabberbands  approximately  J 
inch  in  depth.  Then  a  perforated  plastic  disc  is  placed 
into  the  vial  directly  on  top  of-the  shredded  rubber. 
Cotton  is  then  placed  on  top  of  the  disc,  and  a  second 
perforated  disc  slightly  larger  than  the  vial  diameter 
is  placed  on  top  of  the  cotton.  The  vial  is  charged  by 
pouring  chloroform  into  the  vial  level  with  the  top  of  the 
rubber.  The  vial. is  stoppered  with  a  cork.  Insects  are 
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Figure  2-2,  Black  light  crap. 


collected  by  removing  the  stopper  and  placing  the 
open  end  over  the  specimen  as  it  is  biting  or  resting, 
Hold  the  vial  over  the  specimen  until  the  specimen 
relaxes  and  falls  into  the  tube,  then  stopper.  The 
specimen  can  later  be  transferred  to  pill  boxes. 

Cloth  drags  (fig.  2-12)  are  used  principally  for 
collecting  ticks.  A  piece  of  white  flannel  cloth,  1  yard 
wide  and  V&  yards  long,  is  attached  to  a  rod*  1  yard 
long,  and  dragged  along  trails  for  a  few  yards.  The 
cloth  is  then  inspected  and  ticks  that  have  become 
attached  to  the  cloth  are  removed  with  tweezers  and 
placed  in  vials  of  70  percent  alcohol. 

Combing*  brushing,  swirling,  and  picking  are 
effective  methods  of  collecting  ectoparasites  (fleas* 
lice,  ticks,  and  mites)  from  rodents,  predatory  animals, 
and  domestic  animals. 


CAUTION:  Always,  wear  laboratory  gloves  while 

performing  this  collection  method. 

Ectoparasite  hosts  must  be  trapped  in  cage  traps  so 
that  they  will  remain  alive.  If  the  host  dies,  ectopara- 
sites will  leave  as  soon  as  the  host  body  temperature 
cools.  Once  the  host  is  trapped  he  is  removed  and 
anesthetized  (temporarily  put  to  sleep)  or  killed.  If 
combing  or  brushing  methods  are  to  be  used,  imme- 
diately pick  tii  e  animal  up  by  the  tail  and  hold  it  over  a 
pan  and  begin  brushing  or  combing  with  downward 
strokes.  ,  ' 

NOTE:  The  ectoparasites  will  not  jump  or  crawl 

out  of  the  pan  because  they  are  anesthetized  also.  - 
Once  the  ectoparasites  have  been  removed,  they  are 
transferred  from  the  pan,  using  a  small  art  brush  or 
applicator  stick,  to  vials  of  alcohol.  This  collection 
method  is  illustrated  in  figures  2-13  and  2-14, 


Figure  2-3.  American  light  trap- 


16* 


Chain  tor 


Elective  light 
bn\t>  -  25  watts 
110  -  120  volts 


Hood  of  20  q a, 

0*1  V.  I  IDA, 

Inside  vrtHle* 
crutsidtt  dark 


Se>«C»  to  admit 
auhio«&  coverad  by 
gaJv.  j  rem  hartitfaare 
cloth,  V*  nvesh  id 

SKCtUoB  »JWtJ*  ifl&frCtS, 

3  bractfii?  to  support 

band  iron  spaced 
»<3ti  Jf/y  about  tube 
tstowd  out  Of  po- 
sitron OA  4r/h**«*&J- 
One  e«tendod  to 
suoporl  hoht  t>**lU.  v 

Ti*t**  o'  30 
gatv.  nofL. 


T 
i 


Pan  motor  Jpi 
350  CMw  ft/min'. 


Fan  bis 
9"  diam.  J 
Capacity  - 
1/60  H*P*  IIS  volt* 


18" 


Floater  o*  Pop  1 5 
5a*du3i 


Cyanide 


-Mason  tar 
1  pmr 


■H 


CF-047 


Figure  2-4.  American  Itgte-trap  (exploded  vkw^ 


Picking  ecroparasiies  from  anesthetized  hosts  (fig. 
2-15)  is  accomplished  by  using  tweezers  and  dropping 
ectoparasites  into  vials  of  alcohol.  This  is  the  only 
method  that  can  be  used  for  removing  ticks  and 
sticktight  fleas. 

Collecting  ectoparasites  by  swirling  is  accomplished 
by  placing  the  anesthetized  host  into  a  jar  or  tub  that 
contains  a  warm  soap  water  solution  and  swirling 
through  the  solution.  After  this  has  been  accomplished  ' 
remove  the  host  and  slowly  pour  the  solution  through 
filtering  paper.  Then  transfer  ectoparasites  from  the 
filter  to  vials  of  alcohol.  Figures  2-16  and  2-17 
illustrate  the  swirling  method  of  collection. 

Digging  is  used  primarily  as  a  collection  method  for 
ornamental  and  turf  pesfs  larvae  and  fly  larvae.  This  is 
done  by  digging  the  soil  in  suspected  areas.  Embed  the 
entire  length  of  the  shovel  blade  into  the  soil  several 
times  to  form  a  circle  and  remove  the  loosened  clod. 
Pull  theclod  apart  (as  though  looking  for  earthworms) 
and  inspect  for  grubs  (beetle  larvae)  or  maggots  (fly 
larvae). 


Exercises  (211): 

1.  State  two  reasons  given  in  the  text  for  collecting 
pests. 


Z  Statetheprimarypurposcfoi^inglivccollection 
methods. 


Screen  Cone 


Dry  Ice 


_  Cf-048 
Figure       Carbon  .dioxide  xrap. 
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Figure  2-6-  Fly  cone  trap. 

3.  Using  information  contained  in  the  text,  list  the 
method  -or  methods  and  equipment  used  for  each 
method  in  collecting  identified  pests.  NOTE:  All 
the  blanks  may  not  have  to  be  used. 


Pen 
a.  Mosquitoes 
(adult) 


Collection 
method 


bL  Ticks 


c  Flies 
(adult) 


d.  Mosquitoes 
(larvae) 


0) 


(2) 


(3) 


fl) 


(2) 


(2) 


<3) 


n>  — 


<2> 


<*> 

tb) 
(c) 
<*> 
(b> 
<c) 
<a) 
<b) 
ic) 
{*) 
(b) 
<c) 
W 
(b) 
<c) 
<*> 
(b) 
(c) 
<al 
<b) 
(c) 
(a) 
(b) 
<cj 

<»> 

<b) 

(cK 

(a) 

(b> 

(O 

(a) 

(b) 

ic) 


Collection 
Equtptn&zt 


*  Flew 


0) 

(3) 
(4) 


(a) 
(b) 
(c) 
<*) 
(b) 
(c) 
(a) 
GO 
<d 
<&> 
(b) 
Cc) 
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2-2.  Pest  identification  and  Preservation  * 

^  In  reading  Chapter  1  you  learned  that  insects  belong 
in  the  animal  kingdom  and  that  they  ate  divided  into 
major  groups.  Obviously,  there  are  many  character* 
btics  used  for  placing  aathropods  into  a  particular 
class  and  order,  but  ft  doesn't  stop  here.  You  must  be 
capable  of  taking  a  specimen  and  classifying  it  as  to 
family*  germs,  and  specie. 

In  orderto-ftdly  understand  this  section*  you  must 
be  very*  familiar  with  the  illustrations  provided  in 
Chapter  1,  Section  1-2  (Arthropod  Morphb^pgy),  so  , 
you  will  be  able  to  recognize  terminology  applied  to 
the  various  regions  of ihe  anatomy  and  appendages  of 
arthopods.  * 

General  appearance,  spot  characters,  and  identifi- 
cation keys  are  the  three  general  methods  used  in 
identifying  arthropods. 

The  process  of  identification  using  the  general 
appearance  method  simply  means  knowing  a  speci- 
men by  sight.  This  requires  extreme  knowledge  and 
practice.' 

When  using  the  spot  character  approach*  you 
recognize  certain  characteristics  that  are  common  to  a 
particular  species;  however,  this  method  is  not  very 
reliable  .because  other  species  may  be  very  similar. 
This  approach  may  be, usett  in  placing  a  specimen  in  its 
order* 

This  section  describes  the  types  of  keys-used  in  the 
process  of  identification,  use  of  identification  keys, 
use  and  maintenance  of  microscopes,  and  methods  for 
preserving  and  maintaining  specimens. 


212.  Identify  the  two  types  of  identification  keys,  and 
provided  with  sets  of  identification  keys,  fist  the  steps 
that  must  be  followed  in  die  identification  of  specified 
pests* 


CF-035 


Figure  2-7.  Live  animal  trap. 
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£e       V-drop  bird  trap* 


Identification  Keys.  Accurate  pest  identification 
can  be  accomplished  only' if  specimens  have  been 
collected  carefully  and  undamaged;  in  addition,  you 
must  be  very  knowledgeable  of  arthropod  structures 
1  and  jEpu  must  have- complete  sets  of  identification 
'keys.  This  objective  is  devoted  to  making  you  aware  of 
cohimon  types  of  identification  keys,  explaining  their 
use  and  enabling  you  to  use  them  properly. 

^Types  and  uses  of  identification  keys.^ln  most 
situations,  identification  with  family,  genus,  and 
specie  requires  the  use  of  a  microscope  (discussed 
later),  a  good  set  of  keys,  and  a  specimen  that  is 
properly  mounted  and  in  very  good  condition. 

After  you  have  had  experience  in  identification,  you ' 
will  most  likely  establish  a  preference  as  to  the  type  of 
key  most  suitable:for  your  use.  There  are  two  basic 
types  of  keyscommoaly  used  (dichoiomous  or  couplet 
and  pictorial),  and  each  has  its  own  merits.  Identifi- 
cation keys  work  by  using  a  process  of  elimination  in 
which  the  number  of  possibilities  is  gradually  reduced. 
When  making  identification,  you  should  keep  in  mind 
that  a  key  does  not  positively  prove  anything;  it  only 
suggest  possibilities. 

Dichoiomous  or  couplet  keys  are  so  named  because 
they  provide  two  alternatives  from  which, to  choose 
Using  dichotomous  or  couplet  keys  (both  are  same 
type),  you  must  begin  with  couplet  1.  which  will  gyve 
you  two  choices  as  illustrated  in  example  |.  In  this 
example  you  must  make  a  choice- between  the  number 
and  type  of  wings  the  specimen  has. 


Example  ti  Couplet  [ 

].  Two  paJrs  of  membranous  wings- 


 2 


Only  one  pair  of  membranous  wings,  the  other  pafr  being 
aiher  hardened  into  wing  cases,  orajjseru  — — —  -  — 29 


In  this  situation,  assume  that  your  specimen  has  two 
pairs  of  membranous  wings,  so  couplet  1  tells  you  to 
proceed  to  couplet  Z  If  the  second  choice  had  been 
correct  then  you  would  have  proceeded  to  coupJet  29. 
skipping  couplets  2  through  28- 

To  continue  the  identification  process  using 
dichotomous  keys,  another  example  is  provided  using 


couplet  Z'Observe  example  2,  couplet  2,  and  study  its 
relation  to  example  1,  couplet  Is* 


Example  2:  Couplet  2  - 

2.  Forcwmgj  and  tuadvrings  aJflce-'1  3 

Forcwrbgs  and  hiadwrng*  different  —  1$ 


Continuing  the  case  situation*  assume  that  your 
specimen  has  fore  wings  and  hindwings  alike.  From 
information  contained  in  example  2*  couplet  2*  you 
now  .know  that  you  should  proceed  to  couplet  3,  since 
your  specimen  does  not  have  different  forewings  and 
hindwings.  This  same  process  of  elimination  between 
two  choices  continues  until  you  reach  the  final 
identification.  - 
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Figure  2-9.  Dipper  frr_«dlccti&g -mosquito  larvae,  > 


Figure  2-10.  Aspirator  for  collecting  adult  mosquitoes. 

To  recognize  when  identification  is  complete, 
another  example  is  provided.  Up  to  this  point,  you 
have  identified  your  specimen  from  couplets  1  and  2 
as  having  two  pairs  of  membranous  wings  and  both 
pairs  of  wings  are  alike;  Referring  to  your  case  situa- 
tion, assume  that  after  reading  couplet  3.  it  was 
determined  that  you  must  proceed  to  couplet  35. 
Finding  couplet  35,  illustrated  in  example  3,  you  find 
a  different  situation. 

Example  J:  Couplet  J5 

35.  Abdomen  with  forecrps  Earwig 

Abdomen  wtrhouj  foreccps  ?  Beetle 

Assuming  that  your  specimen  has  an  abdomen  with 
foreceps.  you  realize  that  It  is  an  earwig.  Identification 
is  now  complete.  However,  if  your  specimen  had  an 
abdomen  without  forceps  it  would  have  been  identic 
fied  as  being  a  beetle  according  to  the  example. 
Naturally,  there  are  many  beetle  species,  so  you  would 
have  to  obtain  identification  keys  that  pertain  to  the 
appropriate  order,  which  is  Coieopiera. 

Now  that  you  have  seen  how  dichotomous  keys  are 
used,  take  a  look  at  another  type  of  identification  key. 

Pictorial  keys  are  keys  that  provide  the  identifier 
with  illustrative  pictures  that  show  specific  points  of 


interest  and  comparisons  of  various  pests,  piis  type  of 
key  is  preferred  by  many  individuals  and  is  probably 

-more simple  to  use  by  the  less  experienced. 

At  the  top  of  each  pictorial  key  there  are  two  or 
more  statements  with  accompanying  illustrations 
that  show  exactly  what  the  statements  are  referring  to; 
of  course*  only  one  of  the  statements  will  apply  to  the 

,  specimen  being  identified*  A  typical  pictorial  key  is 
illustrated  in  figure  2-18;  however,  this  key  has  been 
modified  with  the  addition  of  capital  letters  at  the  top 
and  small  letters  on  the  left  side  ta  reflect  a  grid 
situation*  This  modification  is  designed  to  better 
illustrate  its  use.  ^  w 

Before  you  begin  toutilize  the  pictorial  key  provided 
in  figure  2*18,  read  case  situation  ,2-1-  This  case 
situation  provides  you  background  information  and  it 
describes  the  specimen  to  be  identified. 


■  Case  Sanation  2~I 
The  specimen  you  are  identifying  has  already  been  identified 
with  its  order,  aod  it  has  been  determined  thai  the  specimen  is  a 
fly.  The  next  sup  ts  to  determine  the  genus  and  specie  of  the  fly. 
Your  specimen  has  a  dull  I  horax  and  a  shiny  abdomen  as  observed 
through  tlie  macro  scope. 


In  order  to  identify  your  fly  specimen,  refer  to  figure 
2-18  and  read  each  of  the  three  statements  provided 
across" the  top  directly  above  each  of  the  three  files. 
When  you  have  found  the  statement  that  describes 
your  specimen,  the  identification  of  your  specimen 
should  be  complete  because  square  B-a  identifies  your 
specimen  as  to  genus  and  specie. 

Now,  using  case  situation  2-2  and  figure  2-1 S,  test 
your  skill  in  using  the  pictorial  key  once  more. 
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-  Figure  J-l  1.  Killing  tube. 
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Figure  2-12.  Tick  drag. 

Gzj*  Situation  2-2  m  . 
As  in  case  situation  2-1  your  specimen  \$  a  fly.  and  as  you  view 
through  the  microscope  you  see  that  it  has  the  following  ch»ra>- 
(eristics;  dull  thorax  and  dull  abdomen:  medium  size  {about  t/4 
inch  \otig)  ^distinct  thoracic  stripes;  sides  of  abdomen  pale,  erect 
when  resting,  thorax  without  pate  spots. 


Figure  2-13.  Combing  for  ectoparasites. 


To  identify  the  specimen  as  described  in  case 
situation  2-2  and  using  the pictorial  key  illustrated  in 
figure  2-18*  you  should  begin  it  the  top.  Reading 
across  the  top,  the  fly  and  statement  you  select  should  ' 
be  square  A-a  because  your  specimen  has  a.duli  thorax 
and  a  dull  abdomen. 

Now*  as  you  can  see.  there  ira  line  extending  down 
and  across  from  square  A-a  which  means* identification 
is  .not  complete  and  you  have  three  more  choices  4o 
select  from.  '  .    /  .  - 

Reading  the  statements  and  viewing  the  illustrations 
across  row  b  you  find  that  square  B-b  best1  matches ' 
your  specimen  because  it  is  medium  size  {about  1/4 
inch  long)  and  has  four  distinct  thoracic  stripes.  Now* 
you  may  saywait  a  minute;  square  B-b  describes  the 
specimen  as  having  four  thoracic  stripes  that  are  often 
indistinct,  but  ray  specimen  has  four  distinct  thoracic 


Figure  2-f4,  TransionTig  ectoparasites.  . 

stripes!  You  are  correct*  but  in  comparing  your 
specimen  with  the  other  two  choices  you  will  find  that 
it  matches  square  B-b  better  because  it  is  not  a  small 
fly  with  four  indistinct  stripes  and  it  is  not  a  large  fly 
with  only  three  distinct  thoracic  stripes. 

Again,  there  is  a  line  that  extends  from  down  from 
square  B-b  and  across  to  the  left  and  right.  As  you  can 
see.  there  are  *hree  more  choices  to  select  from. 

You  should  follow  the  same  procedures  as  before  by 
reading  the  statements  and  viewing  the  illustrations 
provided  in  rowc  of  figure  2-18.  Square  A-c  describes 
your  specimen  prefectly;  so,  identification  is  complete 
and  you  now  know  that  it  is  a  Musca  domes: ica  (scien- 
tific name),  or  housefly  (common  name).  If  you  will 
notice,  there  are  no  lines  extending  down  from  cither 
of  the  three  choices  in  rowc  so  your  specimen  would 
have  had  to  have  been  one  of  the  three,  or  it  would 
have  indicated  that  you  had  made  an  error  previously. 

In  specimen  identification,  people  commonly  make 
one  of  two  mistakes,  the  first  being  overly  cautious 
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Figure  2-!  5,  Picking  ecipparasiui. 

(taking  every  word  literally),  and  the  second  is  refusing' 
to  go  on  if  the  specimen  does  not  agree  with  the  choice 
-made.  Remember,  insects  and  other  arthropods  have 
their  individualities  just  as  people  do. 

If  you  happen  to  arrive  at  a  point  in  which  you 
cannot  decide  .which  of  the  alternatives  ts  correct, 
don't  give  upt  First,  consider  if  it  is  neither;  for 
instance,  if  the  alternatives  describe*  wing  structures, 
»and  youir  specimen  has  no  wings,  yon  have  probably 
arrived  at  a  wrong  point  in  the  key,  orelse  the  specimen 
is  one  that  is  not  provided  for  by  the  key.  Second,  if 
there  is  more  than  one  alternative  which*  could  be 
considered  correct^  cry  each  alternative  until  you  have 
made  your  decision.  By  using  this  process,  you  can 
normally  gee  back  on  the  right  track. 
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Figure  2-16.  Stirling  for  ectoparasites. 


Dichotontus  and  pictorial  keys  of  important 
arthropods  are  provided  in  Appendix  A  of  this 
volume.,  / 

Exercises  (212)? 
j.  1.  The  two  types  of  identification  Jccys  commonly 

used  are  !  and :  .  , 

X  An  identification  key  that  provides  two  Statements 

from  which  to  choose  is  the  key. 

3.  An  identification  key  that  illustrates  certain 

identifying  characteristics  and  provides  two  or 

more  choices  is  a  key. 


Figure  2-!7,  Filtering  of  ectoparasites. 

4.  Using  Appendix  A,  ^Arthropods  of  Public  Health/ 
Importance:  Key  To  Common  Classes  and 
Orders.1*  and  information  contained  in  this  objec- 
tive, identify  each  of  the  arthropods  described 
below  with  its  order  and  common  name,  and  list 
each  step  consecutively  that  is  used  in  the  identifi- 
cation process  as  per  example. 


Exercise  Example:  An  arthropod'that  is  described  as 
having  three  pairs  of  walking  legs;  wings  present  and 
well  developed*  one  pair  of  membranous  wings  with- 
out scales  ts  identified  to 
(I)  the  Order  Diotera  . 


thorti  dun.  ibtfftfnifl  dull 


HiDrai  dulJ.  abdainin  ihmy 
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'il— i,  Figure  2-18.  Typical  pittAraJ  icfy. 

(2}  with  the  common  name  of  fly 
and  the  steps  used  in  identification  are  I  *  2  .  jn . 

a.  An  arthropod  described  as  having  three  pairs  of 
walking  legs,  chewing  npouthpans.  two  pairs  of 
well-developed  wings  with  the  front  pair  of  wings 


being  leathery  with  distinct  veins  and  serving  as 
covers  for  the  second  pair  is  identified  to 

(I)  the  Order. 


(2)  with  the  common  name  of. 


\ 


(3)  and  the  steps  used  in  identification  arc 
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and  .  r 

b.  An  arthropod  described  as  having  four  pain  of 
.  walking  legs,  a  weSMcvcIoped  abdomen  that  is 
not  distinctly  separated,  body  with  very  little  or 
no  hair,  and  bailers  organ  is  Identified  to 

(1)  the  Order-  T 

(2)  with  the  common  name  of  . 

(3)  and  the  steps  used  in  identification  arc 


and  , 

21X  Given  problem  situations  concerning  microscope 
use,  identify  the  proper  corrective  action  and  stale  the 
methods  for  maintaining  microscopes. 

Use  and  Maintenance  of  Microscopes.  Most 
arthropods  cannot  be  identified  to  genus  and  specie 
without  the  aid  of  a  microscope. .Each  pest  manage- 
ment section  should  have  a  microscope  to  identify 
pests  common  to  the  area  and  to  monitor  possible 
disease  vectors  and  economic  pests  collected.  Micro- 
scopes are  also  essential  in  calibrating  certain  types  of 
pesticide  dispersal  equipment  and  conducting  on-the- 
job  training  for  pest  identification.  However,  micro- 
scopes are  of  no  use  unless  you  know  how  to  use  and 
maintain  them  properly,  which  is  the  basis  for  this 
objective. 

Microscope  focusing.  Microscope  focusing 
methods  will  vary  with  the  type  of  microscope  used 
and  the  manufacturer.  Por  this  reason,  a  specific  type 
must  be  identified  so  that  focusing  techniques  can  be 
discussed.  The  microscope  discussed  in  this  objective 
is  o  ne  that  is  authorized  for  pest  management  sections 
and  is  Federally  stock  listed.  This  microscope  is  a 
binocular  type  with  zoom  focusing  ability  which  is 
most  suitable  for  viewing  solid  objects  such  as  arthro- 
pod specimens.  Figure  2-19 -illustrates  the  binocular 
Zoom  focusing  microscope  with  identified  external 
parts. 

In  order  to  focus  the  binocular  zoom  microscope 
follow  these  procedures: 

(1)  Place  the  object  to  be  viewed  on  the  stage  plate 
and  insert  a  pair  of  eyepieces  in  the  eyepiece  adapters. 

NOTE:  If  you  wear  corrective  glasses*  insure  that 
glasses  are  worn  while  using  :he  microscope. 

(2)  Direct  light  on  the  subject  being  "viewed  by 
adjusting  the  mirror  ^beneath  the  stage  plate  or  by 
using  other  illumination  devhes  which  are  available 
as  accessories. 

(3)  Aajustthecyepieceadapterstotheproperwidth 
for  your  eyes  so  both  fields  are  viewed  as  one.  Proper 
width  can  be  checked  by  closing  one  eye  and  then  the 
other,  with  both  fields  being  visible  separately  without 
moving  the  head. 

(4)  Set  the  magnification  knob  to  the  highest 
power. 

(5)  Using  only  the  right  eye  and  right  eyepiece, 
focus  on  aflat-surfaced  object  that  is  centered  on  the 


stage  and  adjust' the  focusing  -knob  until  the  image  is 
sharp. 

($)  Now,  reset  the  magnification  knob  to  the  lowest 
power. 

-  (7)  Using  the  left  eye  and  left  eyepiece,  adjust  the 
eyepiece  focusing  ring  clockwise  or  counterclockwise 
until  the  image  is  sharp. 

NOTE:  This  should  be  accomplished  without 
disturbing  the  focusing  knob. 

If  these  microscope  focusing  procedures  are  care- 
fully followed,  the  magnification  may  be  set  at  any 
value  within  its  range  without  having  to  refocus.  When 
changing  specimens,  only  slight  readjustments  of  the 
focusing  knob  are  required  in  order  to  maintain  sharp 
image  focus. 

NOTE:  Always  insure  that  the  microscope  is 
focused  to  suit  the  right  eye  first  and  then  focused  to 
the  left  eye  using  the  eyepiece  adjusting  ring. 

The  magnification  knob  (located  on  top  of  the 
microscope)  allows  you  to  change  the  power  to 
provide  the  best  magnification  for  each  specimen  at 
lower  power  and  to  concentrate  on  a  particular  detail 
of  the  specinien  by  increasing  the  power. 

Microscope  maintenance*  Maintaining  micro- 
scopes is  a  simple  process  if  you  remember  one  basic 
point  Always  cover  zhe  microscope  when  not  in  use* 
Since  cleaning  is  practically  all  that  is  required  in 
maintaining  microscopes,  cleaning  techniques  will  be 
discussed  first. 

a.  Clean  external  surfaces  of  eyepieces  and  bottom 
surface  of  the  pod  by  blowing  with  a  syringe,  or  with  a 
moist  cotton  swab  on  a  stick. 

b.  Keep  eyepieces  in  place  at  all  times  to  prevent 
dust  settling  on  the  eyepiece  dust  shields.  If  the  eye- 
piece dust  shields  do  require  cleanings  dean  them  in 
the  same  manner  as  the  external  surfaces  of  the 

^eyepieces.  . 

c.  Use  a  cotton  swab  moistened  witli  a  soap  or 
detergent  solution  to  remove  body  oil  smears  from 
external  surfaces  of  eyepiece  lenses  or  glass  stage 
plate,  and  dry  with  a  dry  cotton  swab. 

d.  Clean  die  focusing  slide  occasionally  with  a 
solvent  such  as  xylol  or  alcohol  . 

e.  Clean  rack  teeth  occasionally  with  a  small  stiff 
brush. 

/  Lubrication  is  required  only  after  the  focusing" 
slide  has  been  cleaned.  Lubricate  the  focusing  slide 
by  applying  a  light  coating  of  petroleum  jelry. 

g*  Adjusting  the  tension  of  the  focusing  mechanism 
Is  the  only  time  mechanical  maintenance  should  be 
performed  on  the  microscope  unless  you  are  an 
experienced  microscope  repairman.  To  adjust  focus-, 
ing  tension,  turn  two  alien-head  screws  (located  slight* 
ly  above  the  center  line  of  the  focusing  knobs)  clock- 
wise or  counterclockwise,  depending  if  more  or  less 
tension  is  desired.  NOTE:  Uniform  adjustment  of  the 
two  screws  is  recommended. 

Microscopes  are  only  effective  if  the  user  knows 
how  to  use  it  and  maintains  it  properly.  When  moving, 
the  microscope*  always  use  both  hands  and  handle  it 
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Figure  3-19.  Binocular  mkroscope  (identified  external  pans). 


with  care  because  it  is  a  fragile  instrument  and  very 
expensive. 


Exercises  (213): 

L  White  viewingan  object  through  a  microscope,  it 
.appears  as  a  double  vision.  Identify  the  corrective 
action  to  be  taken. 


3.  Identify  the  action  to  be  taken  prior  to  making 
microscope  adjustments  other  than  adjusting  the 
eyepiece  adapters. 


4.  The  microscope  is  always  focused  to  suit  which  eye 
first? 


2.  While  viewing  an  object  through  a  microscope,  it 
appears  clear  and  sharp,  indicating  good  focus. 
Vou  then  change  objects  and  the  vision  is  blurred. 
Edentifv  the  action  that  vou  have  failed  to  take. 


5.  State  the  action  required  to  remove  grease  smears 
from  external  surfaces  of  eyepiece  lenses. 
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6,  Torcmovcdustfromcxtcrnalsurfacesofcycpicccs 
yod*  would  use  a  detergent  solution.  {True/ False) 


214.  Point  out  techniques,  materials,  and  equipment 
required  for  preserving  specimens  <Sy. 


Preserving  Specimens  Dry.  In  order  to  maintain  a 
display  of  pests  common  to  the  area,  there  are  certain 
techniques  that  you  should  leant  Pest  specimen 
displays  that  yoH  prepare  should  be  prepared  in  a 
manner  that  you  will  be  very  proud  to  display.  These 
^displays  are  kept  in  entomology  sections  to  allow 
interested  persons  to  become  familiar  with  pests 
common  to  the  area,  and  they  are  often  used  for 
display  in  base  open  house  ceremonies,  Boy  and  Girl 
Scout  touts,  student  tours,  and  county  fairs. 

There  are  four  basic  methods  used  in  displaying  pest 
specimens  and  each  method  requires  certain  tech- 
niques* supplies;  and  equipment.  Each  of  the  four 
methods  will  be  discussed  individually. 

Preserving  specimens  dry  is  probably  the  most 
common  method  for  preserving  specimens  and  is 
generally  the  most  useful  for  insects  that  havestrongly 
chitinized  exo skeletons  because  they  can  be  dried 
naturally  without  offensive  decay  and  discoloration. 

Specimens  that  are  to  be  preserved  dry  should  be* 
pinned  while  they  are  still  fresh  to  allow  easy  manipu- 
lation of  various  appendages,  thus  reducing  the  chance 
of  breakage.  Specimens  that  have  become  dried  are 
very  hard  and  brittle  and  should  never  be  touched 
other  than  by  handling  the  mount. 

To  delay  hardening,  specimens  can  be  placed  in 
containers  of  ethyl  acetate  or  laurel  leaf  vapors.  You 
may  find  that  this  is  not  always  ad  vi&able  because  over 
a  period  of  time  it  may  cause  discoloration  ora  mushy 
effect.  Other  methods  for  keeping  the  specimens  soft 
include  keeping  them  in  a  tin  container  with  green 
leaves  or  moistened  blotting  paper,  but  this  may  lead 
to  the  specimens1  becoming  molded. 

If  you  desire  to  dry-preserve  specimens  that  have  a 
large  amount  of  body  fluids,  the  fluid  should  be 
drained  from  the  abdomen -immediately  after  the 
specimen  has  died.  The  besr^nethod  to,  use  in  this 
situation  is  to  cut  off  the  abdomen  at  the  base,  lay  it  on 
a  flat  surface*  and  squeeze  the  fluid  out  by  rolling  a 
small  round  object  from  abdomen  tip  toward  the 
cutoff  portion.  This  must  be  done  with  great  care  to 
prevent  damage  to  the  abdomen  section.  Removing 
the  abdomen  from  specimens  that  are  bulky  is  not 
required  at  all  limes.  The  fluids  from  some  specimens 
may  be  extracted  simply  by  gently  rolling  a  round 
object  over  the  abdomen,  beginning  at  the  base  and 
rolling  toward  ihe  tip. 

Cleaning  the  specimens  is  required  at  times* 
expecially  the  bulky  ones  that  have  been  drained  of 
body  fluids;  however,  it  is  best  to  avoid  cleaning 


whenever  possible  because  this  may  cause  discolora- 
tion. Dust  can  be  removed  by  using  a  small  cameTs- 
haix  brush;  but  remember  to  use  gentle  strokes  to 
avoid  breakage  of  appendages  and  scratches.  Cleaning 
specimens  that  are' very  fragile  or  dry  and  rigid  can  be 
accomplished  by  immersing  them  in  a  synthetic 
detergent  and  water  solution.  Specimens  that  have 
become  greasy  from  fatty  material  that  has  oozed  out 
can  be  cleaned  by  using  an  organic  solvent  such  as  n 
ethyl  acetate,  benzene,  or  ether. 

Bulky  and  fleshy  specimens  that  you  have  had  to 
drain  must  be  returned  to  the  original  shape.  This  can 
be  done  by  blowing  air  into  them,  using  a  small 
pipette;  or  if  it  is  a  large  area,  it  can  be  stuffed  with 
cotton  wool  that  has  been  moistened  with  ethyl  acetate 
or  phenol.  After  this  has  been  done,  the  specimen  must 
be  mended  by  using  mending  cement.  This  will  involve 
reattaching  the  inflated  or  stuffed  abdomen  if  it  has 
been  removed  for  draining  purposes. 

Now  that  yon  have  your  specimen  soft,  clean,  and 
repaired,  it  is  prepared  forsetting."  Setting  a  specimen 
correctly  is  probably  the  most  difficult  and  rewarding 
part  in  preparing  your  specimen  displays.  The  speci- 
men must  be  set  so  that  is  it  appealing  to  the  eye  and  in 
a  manner  so  important  appendages  can  be  viewed  with . 
least  difficulty.  Once  you  have  arranged  it  in  the 
position  desired  you  must  let-it  dry-  Setting  specimens 
require  the  use  of  setting  boards.  These  boards  may  be 
purchased  or  constructed  in  the  section.  Setting 
boards  are  designed  to  allow  adjustment  of  the  sides  to 
increase  or  decrease  the  width  of  the  groove,  depend- 
ing upon  the  thickness  of  the  specimen  abdomen.  The 
sides  of  the  board  should  be  covered  with  a  layer  of 
cork  or  balsa  wood  to  allow  ease  in  pinning,  A  typical 
setting  board  is  illustrated  in  figure  2-20. 

If  you  desire  to  dry-preserve  specimens  that  are  soft 
bodied  without  draining  the  body  fluids,  this  can  be 
achieved  by  preserving  them  in  a  solid  state.  This 
technique  is  much  slower  than  the  conventional  way 
because  each  phase  requires  a  certain  amo  unt  of  time; 
however,  It  is'a  very  good  technique  to  use  for  larvae 
specimens.  Dry  preserving  in  the  solid  state  is  accom- 
plished by  placing  fresh  larvae  into  a  solution  that 
contains  95  percent  alcohol.  The  larvae  must  remain 
in  this  solution  for  at  least  1  week;  the  larger  the 
specimen  the  more  time  required.  Following*  the 
week's  (minimum)  stay  in  the  first  solution,  the  larvae 
arc  then  transferred  to  a  pure  alcohol  solution  and 


Figure  3-20,  TypkaJ  setting  board. 
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must  remain  in  this  solution  for  24  hours.  The  larvae 
arc  then  transferred  tova  fresh  solution  of  pure  alcohol 
two  more  times  for  a  period  of  24  hours  each.  After 
these  phases  have  been  completed,  the  larvae  tissues 
should  be  completely  dehydrated:  however,  preserva- 
tion is  not  complete. 

Reabsorption  of  moisture  must  be  prevented,  This 
is  yd  one  by  transferring  the  larvae  into  a  solution 
containing  one  part  of  xylol  to  2  parts  of  pure  alcohol 
for  I  day,theh  transferredagaintoasolutioiiof2parts 
of  xylol  to  1  part  of  pure  alcohol  for  I  day.  The  larvae 
are  then  transferred  to  pure  xylol,  kept  there  1  day, 
and  removed  and  Wotted  dry.  The  specimens  are  not 
ready  to  be  pinned.  ^ 

Larvae  that  have-become  hardened  or  dry  can  also 
be  dry-preserved  in  a  solid  state,  but  they  must  be 
resefftened  first  Resoftening  can  be  done  by  placing 
the  specimens  in  a  solution  of  2  percent  caustic  potash 
or  a  strong  solution  of  synthetic  detergent  for  a  period 
of  2  days-  Larvae  axe  then  transferred  successively  to 
solutions  of  40  percent,  70  percent,  80  percent,  and 95 
percent  for  a  period  of  \  week  minimum  in  each 
solution.  After  this,  the  larvae  must  be  treated  to 
prevent  reabsorption  of  moisture  in  the  same  way  as 
previously  explained  for  fresh  larvae. 

Pinning  dry-preserved  specimens  can  be  done  in 
four  ways.  Direct  pinning  .is  a  method  that  can  be 
used  for  specimens  that  havetough  cuticles  or  integur- 
merits  and  are  not  very  small.  Pins  that  are  used  for 
direct  pinning  are  called  "continental  pins"  and  are 
:  generally  long,  thin,  and  sharp.  Staging  is  a  method 
that  involves  pinning  a  relatively  small  specimen  » 
polyporous.  The  polyporous  serves  as  the  stage  and  is 
supported  by  "English  pins.*  However,  the  pins  used 
for  attaching  the  specimens  to  the  stages  are  "points." 
Points  are  very  thin  and  short  ariS  may  be  used  by 
inserting  the  pin  through  the^5perirnen  and  into  the 
polyporous  stage  or  by  •gumming*  trie  specimen  to  the 
blunt  end.  Carding  is  a  tenn^sed^hen  specimens  are 
gummed  directly  to  a  piece  oYstiff  white  cardboard 
that  is  rectangular  in  shape  and  is  supported  by 
English  pins.  This  method'is  quite  adequate  for  dis- 
playing small  bc&lles.-.Pointinf  is  the  best  method  for 
mounting  the  very  small  dry-preserved  specimens. 
Points  are  made  from  thin  white  cardboard  and  are  cut 
into  small  triangular  pieces.  These  pieces  may  be 
pointed  or  blunt,  depending  upon  the  specimen  being 
mounted  and  your  preference.  PoinLS  can  even  be 
turned  up  or  down  at  the  tip  and  the  specimen 
gummed  to  the  side  if  you  desire.  **** 

Now  that  you  have  your  dry-preserved  specimen 
pinned,  it  is  time  to  discuss  specimen  labeling- 

Specimen  labeling  is  very  important  because  each 
specimen  should  be  labeled  as  io  where,  when,  and 
how  the  collection  was  made,  ihe  collectors  name, 
the  scientific  name  of  the  specimen*  the  name  of  the 
scientist  who  first  described  the  specie*  and  the  date 
determination  of  the  specie  was  made. 

Labels  are  made  from  thin  whiie  card  material  such 
as  index  cards,  and  every  label  should  be  rectangular 


shape  and  have  almost  the  same  dimensions.  Each  dry- 
preserved  specimen  should  have  two  labels  pinned 
beneath  the  specimen.  The  lower  label  should  rest  on 
top  of  the  surface  to  which  the  specimen  is  pinned  and 
should  contain  the  scientific  name  of  the  specimen,  the 
name  of  the  scientist  (or  author),  and  the  date  it  was 
first  described.  The  second  label  should  be  spaced  in 
the  middle  between  the  specimen  and  the  lower  label 
and  should  contain  information  as  to  where,  when, 
and  how  the  specimen  was  collected,  and  the  name  of 
the  collector,  labeling  techniques  are  illustrated  in 
figure  2-21 .  Be  as  specific  as  possible  when  describing 
the  location  where  the  specimen  was  collected.  It  is  n  ot 
advisable  to  use  initials  because  they  can  lead  to 
confusion.  Print  information  on  labels  using  pencil 
or  India  ink. 

Storage  of  dry-preserved  specimens  is  important  in 
preventing  specimen  damage  and  enhancing  displays. 
Specimens  can  be  stored  in  almost  anything  from  cigar 
boxes  to  specially  designed  specimen  trays'.  However, 
specimens  should  be  separated  into  specific  orders, 
protected  from  pests  that  attack  preserved  specimens* 
and  arranged  for  easy  viewing-  Storage  boxes  should 
be  durable,  lined  with  cork  on  the.  bottom  for  ease  in 
pinning,  and  capable  of  holding  paradichloro  benzene 
or  naphthalene  to  ward  off  pests  that  feed  on  speci- 
mens- Specimens  should  be  stored  in  an  area  with 
minimum  humidity  when  possible. 
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Figure  2-2).  Labding  techmqu*  for  dry  specimen. 
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Exercises  (214): 

I.  What  is  the  primary  purpose  for  collecting,  pre- 
serving, and  maintaining  pest  specimens  within  a 
pest  management  section? 


2  The  most  common  method  used  in  preserving 
specimens  for  display  is  the  , 
method. 


3.  Specimens  that  have  become  hardened  can  be 

resoftencd  by  using  a  solution  of  

Or  a  strong  solution  of  


4.  State  the  best  methcKl  for  dia  in  in  gbcKly  fluids  from 
specimens  that  arc  being  preserved  dry- 


small  specimens  of  the  same  specie  collected  at  the 
same  point  and  tune  can  be  stored  in  the  same  tube, 
but  larger  specimens  may  require  individual  tubes  for  , 
storage.  Labels  for  spirit-preserved  specimens  are 
constructed  by  cutting  long  thin  strips  of  white  card 
material  Card  strips  should  be  approximately  1  inch 
shorter  than  the  length  of  the  tube  and  should  be  wide 
enough  to  allow  sufficient  bend  in  the  card  when  it  is 
placed  inside  the  tube.  Only  one  strip  is  required*  but  it 
should  contain  the  same  type  of  information  as  the  two 
labels  do  in  the  dry  preservation  method  Labels  that 
axe  printed  in  pencil  arc  most  desirable  and  durable; 
because  ink  will  have  a  tendency  to  smear  when  placed 
in  trie  spirits.  Once  the  specimens  and  labels  have  been 
placed  in  the  spirits,  the  tube  is  sealed  with  a  spirit- 
resistant  rubber  stopper.  Tubes  are  then  stored  in 
specially  designed  double-layered  trays  that  have 
-  small  round  boles  cut  out  of  the  top  layer  fo  r  inserting 
the  tube,  or  they  can  be  stored  in  a  glass  jar  to  allow 
easy"  viewing.  Spirit-preserved  specimens  should  be 
stored  in  a  cool,  dark  area  away  from  all  sources  of 
heat  to  prevent  accidental  fires  and  evaporation. 


5.  Dust  can  be  removed  fro  m  dry  specimens  by  using  a 


6.  List  three  organic  solvents  that  can  be  used  for 
cleaning  greasy  specimens. 


7.  List  the  four  methods  used  in  pinning  dry  specimens. 


Exercises  (215): 

1.  Preserving  specimens  in  spirits  is  considered  to  be 

the  best  preserving  method  for  

specimens. 


2  The  spirits  most  generally  used  in  preserving  speci- 
mens are  ,and 


List  the  information  that  is  provided  by  the  lower 
label  contained  on  dry  specimens, 


in 


Dry-preserved  specimens  can  be  protected 
storage  from  pests  that  attack  preserved  specimens 
by  using  or  . 


State  the  storage  precautions  that  must  be  observed 
for  spirit-preserved  specimens. 


Information  provided  on  labels  to  be  used  in  spirits 
is  printed  in  pencil  to  prevent  


215,  Specify  techniques  and  materials  required  for 
preserving  specimens  in  spirits* 

Preserving  Specimens  tn  Spirits*  This  method  is 
probably  considered  to  be  the  besi  for  preserving 
specimens  that  are  soft  bodies  such  as  larvae,  nymphs, 
and  some  adult  species.  Specimens  may  be  preserved 
in  spirits  of  ethyl  alcohol.  Pampers  fluid,  and  chloral 
hydrate.  Specimens  are  normally  stored  in  small 
laboratory  test  turns  with  rounded  bottoms.  Several 


216.  Point  out  techniques  and  materials  required  for 
preserving  specimens  in  plastic. 

Preserving  Specimens  in  Plastic.  This  method  of 
preserving  specimens  is  a  relatively  new  concept  and  is 
very  appropriate  for  large,  bulky  specimens.  When 
properly  performed,  this  preservation  method  makes 
very  attractive  displays,  and  they  can  be  handled 
without  damage  to  the  specimen;  however  care  must 
be  taken  to  avoid  dropping  because  the  block  will 
break.  There  "are  several  techniques  that  can  be  used 
in  preserving  specimens  in  plastic,  depending  upon 
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how  the  specimen  was  originally  preserved.  The 
techniques  which  will  be  discussed  in  this  section  are 
based  upon  the  specimen  being  fresh  or  originally 
dry-preserved-  Specimens  thai  arc  to  be  •preserved  in 
plastic  should  be  presoaked  in  un catalyzed  resin  for 
approximately  24  hours  to  remove  air  bubbles  from 
the  surface  and  insides  of  the  specimens.  Insure  that 
the  specimen  is  completely  immersed  (weighted  down 
if  necessary)  and  the  container  is*  covered.  After  the 
specimen  has  soaked  for  the  required  period  of  time, 
select  a  glass  or  smooth  metal  container  that  is  appro- 
priate for  the  size  of  specimen  being  preserved.  After 
you  have  selected  the  container  best  suited  to  be  used 
as  a  mold  for  plastic,  determine  the  amount  of  liquid 
ounces  required  to  fiH  the  container  to  a  level  just 
below  the  cop.  Now  convert  the  liquid  ounces  into 
cubic  centimeters  because  you  will  be  working  with 
very  small  amounts.  Once  you  have  converted  the 
ounces  into  cubic  centimeters,  divide  this  amount  by 
3.  because  the  plastic  block  is  constructed  in.  three 
equal  layers. 

Apply  a  moid  release  compound  to  the  entire  inner 
portion  of-tfie  container  to  prevent  the  resin  from 
sticking  and  to  provide  easy  release. 

Now  that  you  have  determined  the  cubic  centi- 
meters of  resin  required  for  the  first  layer  and  you 
have  prepared  your  mold*  pour  the  resin  into  a. dis- 
posable-container  and  add  catalyst  to  the  resin  at  a 
ratio  of  4  drops  of  catalyst  to  5  cubic  centimeters  of 
resin.  Stir  this  mixture  smoothly  and  thoroughly  for 
about  1  minute, (being  very  cautious  not  to  create 
bubbles  in  the  mixture),  pour  into  the  mold,  and  covers 
in  a  tent-like  fashion  Co  prevent  dust  from  settling  on 
the  resin  and  allowing  volatile  fumes  to  evaporate. 
Let  this  mixture  set  for  at  least  2  hours,  and  it  should 
set  long  enough  that  the  mixture  is  just  to  the  point  of 
being  a  tacky  gel. 

The  first  layer  is  now  prepared  to  support  the  speci- 
men. Remove  with  tweezers  the  specimen  from  the 
resin  in  which  it  has  been  soaking  and  let  the  excess 
resin  drain  off.  Place  the  specimen  in  the  center  of  the 
mold  upside  down  and  allow  it  to  set  for  a  couple  of 
hours  under  a  tent  cover.  This  will  prevent  the  speci- 
men from  floating  when  the  second  layer  of  resin  is 
poured.  MIX  catalyst  with  enough  resin  tornakeup  the 
second.  layer  and  slowly  pour  the  mixture  into  the 
mold  from,  one  end.  This  will  allow  the  fluid  to  push 
all  air  away  from  the  specimen.  Lei  this  layer  dry 
under  a  tent  to  the  point  of  being  tacky,  and  then  mix 
aud  pour  the  third  layer.  Allow  to  <lry  undet  a  tent 
cover  for  approximately  12  hours  at  room  tempera- 
ture and  then  place  the  mold  iu  a  "light  bulb  oven.*4 
The  -mold  should  cure  for  abqut  4  hours  in-  140° 
Fahrenheit  (60.48°  Celsius).  After  the  mold  has'cured 
for  the  recommended  time,  turn  off  the  Hght  bulb  and 
let  the  mold  stay  in  the  oven  until  it  returns  to  room 
temperature.  The  plastic-preserved  specimen  is  now 
ready  t0  be  removed  from  the  mold:  however,  it  is  not 
in  a  finished  condition. 

The  plastic  block  must  be  ground  and  polished  for  it 
to  be'  in  a  display  condition.  To  grind  the  block,  lay 


a  sheet  of  coarse  emery  paper  (ISO  grit)  on  a  moistened 
smooth  surface  with  the  grit  up.  Pour  a  small  puddle 
of  water  in  the  center  of  the  paper  and  grind  the  six 
sides  of  the  block,  using  back  and  forth  motions  in  the 
water.  Aftcryou  have  ground  the  six  sides  of  the  block 
using  the  coarse  ^rit  paper,  follow ^bc  same  procedure 
using  an  intermediate  grit,  and  then  use  a  fine  grit 
paper.  After  you  have  completed  the  grinding  process, 
place  a  very  small  amount  of  liquid  abrasive  on  a  felt 
polishing  board  and  rub  all  six  sides  of  the  block  in 
the  abrasive,  using  back  and  forth  motions.  At  this 
point  the  block  should  be  becoming  much  more 
smooth  and  transparent. 

*1MexU  place  a  very  small  amount  of  liquid  polish  on 
another  felt  board  and  follow  the  same  procedures 
that  were  used  with  the  liquid  abrasive.  Your  plastic 
preserved  specimen  is  now  complete  and  ready  for. 
display.  „  ■ 

Exercises  (21tf)s 

L  The  purpose  for  presoalcing  specimens  in  urn 
catalyzed  resin  is  to  


2-  The  ratio  of  catalyst  to  resin  is  '  ^™r« 

of  catalyst  to  cubic  centimeters  of 

resin. 


3.  When  grindingthe  plastic  block  for  finishing,  what 
type  of  motion  is  used? 


4.  List  the  procedures  for  determining  the  cubic  centi- 
meters of  resin  required  for  each  layer  when 
measured  in  ounces. 


217.  Specify  techniques  and  materials  'required  for 
preserving  specimens  oil  slides. 


Preserving  Specimens  oh  Slides.  The  preservation 
of  specimens  on  slides  is  an  ideal  method  to  be  used 
when  very  small  specimens  are  to  be  viewed.  This 
method  is  very  difficult,  and  a  lot  of  experience  is 
required  to  obtain  professional  results.  Although  you 
may  not  be  experienced  at  preparing  slides,  you  cau 
still  prepare  appealing  slides  by  following  the 
procedures  set  forth. 

Prior  to  mounting  a  specimen  on  a  slide*  it  must  First 
be  prepared.  The  specimen  must  be  soft  to  prevent 
breakage-  and  it  must  be  cleared  of  internal  body 
tissues  to  make  it  transparent.  To  do  this,  thespecimen 


is  placed  and  left  in  a  cold  solution  of  10  percent 
caustic  potash  in  water  for  approximately  12  hours. 
Remove  the  potash  solution  by  using  an  eyedropper 
(being  careful  not  to  lose  the  specimen)  and  replace  the 
potash  soltution  with  plain  tap  water  still  using  the 
eyedropper.  Repeat  the  rinse  several  times  to  insure 
that  all  of  the  potash  solution  has  been  cleared  from 
the  specimen.  Now,  examine  the  specimen  under  a 
microscope  to  insure  that  all  internal  tissues  have  been 
completely  dissolved.  If  the  tissues  have  not  dissolved, 
return  the  specimen  to  the  potash  solution  and  allow  it 
to  soak  again  (it  may  be  necessary  to  bofl  the  solution 
for  about  5  minutes  if  the  specimen  is  large),  following 
the  procedures  previously  mentioned 

After  the  specimen  has  been  rendered  free  of  all 
internal  tissues  and  thoroughly  rinsed,  it  is  ready  to  be 
dehydrated  and  cleared  Select  two  small  dishes  that 
have  wide  bottoms  and  pour  a  small  amount  of  glacial 
acetic  acid  (dehydrating  fluid)  in  one  and  a  small  amount 
of  dove  OH  (cleaning  fluid)  in  the  other-  Keep  the fluids 
covered  tightly  at  all  times  except  when  it  is  necessary 
to  open  them  for  transferrin  the  specimen.  If  the 
specimen  appears  to  be  too  dark  to  be  transparent, 
it  should  be  bleached  by  immersing  it  in  a  weak  bleach 
solution  along  with  a  couple  of  drops  of  glacial  acetic 
acid  for  about  5  minutes  prior  to  beginning  the  normal 
dehydration  and  clearing  process. , 

Now  place  The  specimen  in  the  glacial  acetic  acid.  If 
1  the  specimen  is  too  transparent  it  can  be  darkened  J>y 
adding  a  few  drops  of  solution  containing  acid  fuchsin 
and  20  percent  alcohol.lo  the  glacial  (acetic  acid)  and 
leaving  tt  there  for  5  minutes.  Using  forceps,  remove 
the  specimen  from  the  acetic  add  and  place  it  on 
blotting  papen  then  pick  it  up  and  place  it  in  the  clove 
oil.  Let  the  specimen  remain  m  the  clove  oil  for  5 
minutes  and  remove  it. 

Reexamine  the  specimen  under  a  microscope  to 
check  for  cloudy  blotches.  If  blotches  appear,  this 
indicates  that  all  the  water  has  not  been  removed  and 
you  must  return  the  specimen  to  the  acetic  acid  and 
again  to  the  dove  oil  However,  if  there  are  no  blotches, 
the  specimen  is  now  ready  for  mounting  on  the  slide. 
.  Place  the  specimen  on  the  slide  and  arrange  it  in  the 
manner  you  want  to  display  it.  Blot  the  excess  dove  oil 
off  the  specimen  and  slide  with  a  piece  of  blotting 
paper  and  then  drop,a  very  small  amount  of  Canada 
balsam  on  the  specimen.  The  Canada  balsam  should 
be  thick  enough  to  barely  allow  it  to  run.  To  thin  the 
balsam,  add  a  drop  or  two  of  xylol  and  let  it  dissolve 
naturally.  After  the  balsam  has  been  applied  to  the 
specimen,  cover  the  balsam  and  specimen  immediately 
with  a  cover  slip  that  is  appropriate  in  size  for  the 
specimen.  The  cover  slip  should  be  applied  by  placing 
one  end  of  it  down  on  the  slide  and  gently  lower  the 
other  end.  Do  not  drop  the  cover  slip  down  on  to  the 
specimen  because  it  will  trap  air  bubbles. 

Once  the  specimen  is  mounted  on  the  slide,  handle 
it  with  care  and  keep  it  in  a  horizontal  position  for 
several  weeks  because  it  lakes  this  long  for  the  balsam 
to  dry. .Before  putting  it  away  to  dry.  prepare  two 


labels  with  the  required  information  previously 
discussed  and  place  one  label  on  each  end  of  the  slide 
as  frustrated  in  figure  2-22. 


Exercises  (217);  ■ 

1.  To  soften  a  specimen  being  prepared  for  mounting 
on  a  slide,  tbe  specimen  is  placed  in  a  cold  solution 
of  :  ;  :  ^_ 


for  a  period  of . 


Z  A  weak  bleach  solution  is  used  to 


specimens  that  are  to  be  mounted  on  slides. 


What  fluid  is  used  for  cleaning  internal  tissues  of 
specimens  being  mounted  on  slides? 


4.  To  darken  a  specimen  that  is  to  be  mounted  on  a 
slide,  a  few  drops  of  solution  retmainjng 

  and  20  percent  alcohol  is 

added  to  the  glacial 


5.  Upon  Tcexamining'a  specimen  under  a  microscope* 
the  appearance  of  blotches  indicates  that  all  the 
 has  not  been  removed. 


6.  Glacial  acetic  acid  is  used  to 
.  specimens  for  slide  mounting. 


To  dissolve  the  internal  tissues  of  specimens  to  be 
mounted  on  slides;  asolutioncontaininglOpcrcent 
 :   is  used. 


JtfVOpsyLlA 


CFA-076 

Figure  2-22,  Labeling  technique  for  slide  mounted  specimen. 
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2-3.  Pest  Management  Principles  s 

You  are  the  major  contributor  to  an  effective  pest 
control  program.  However,  it  is  essential  for  yoU  to 
realize  thai  an  effective  program  may  be  broader  in 
scope  than  the  boundaries  of  the  airbase  that  establish 
your  perimeter  of  operation.  In  many  instances,  the 
planning  of. your  pest  control  program  is  based  upon 
more  far-reaching  plans  established  by  municipal, 
county.  State,  or  Federal  agencies.  You  must  place 
your  program  in  its  correct  relationship  to  the  more 
generalized  program  and  strive  to  have  it  make  its 
desired  contribution. 


218.  Match  responsibilities  with  appropriate  agencies 
and  specify  the  agency  or  agencies  that  would  normally 
become  involved  in  given  situations* 


Pest  Management  Responsibilities.  All  echelons  of 
command  must  insure  effective  control  of  pests  which 
are  injurious  to  health:  affect  morale;  or  damage 
physical  structures,  vegetation,  and  other  property. 
Responsibilities  in  connection  with  pest  management 
at  Department  of  the  Air  Force  installations  are 
contained  in  AFM  91—16,   Military  Entomology 
Operational  Handbook;  AFM  91-19,  Herbicide 
Manual  for  Noncroptand  Weeds;  AFM  126-1,  Con- 
nervation  and  Management  of  Natural  Resources; 
AFR  91-21.  Pest  Management  Program:  AFR  91-22, 
Aerial  Dispersal  of  Pesticides;  AFR  20-36,  Armed 
Forces  Pest  Control  Board;  AFR  8-14.  Air  Force 
Occupational  Safety  and  Health  (AFOSH)  Standards;; 
AFR  127-12,  Air  Force  Occupational  Safety  and 
Health  Program  (PA):  AFR  161-71:  Disinsection  of 
Aircraft;  and  AFR  161-4,  Medical  and  Agricultural 
Foreign  and  Domestic  Quarantine  Regulations  for 
Vessels*  Aircraft,  and  other  Transport  of  the  Armed 
Forces.  Any  deviations  from  these  guidelines  must  be 
fully  justified.      ■  ( 

Major  command.  The  commander  of  each  major 
commahd  must  insure  the  establishment  and  execution 
of  effective  pest  management  programs  at  all  installs^ 
uons  under  his  jurisdiction,  and  provide  technical 
supervision  and  training  for  personnel  engaged  in 
these  activities.  \ 
Jnstatlation  commander.  Each  installation  com- 
mander established  measures  to  protect  health 
morale,  and  property,  and  to  prevent  transportation 
of  pests  from  one  location  to  another  by  aircraft* 
Installation  commanders  ascertain  that  all  personnel 
engaged  in  pest  management  are  adequately  trained 
and  thoroughly  familiar  with  all  phases  of  this  .' 
activity.""  .' 

Civil  engineer.  The  civil  engineer  initiates  and  super-  r 
vises  the  planning  and  execution  of  all  insect.  rodent.[ 
and  other  pest  control  activities.  Planning  and  execu^i, 
tion  include  residual  treatment  of  aircraft;  providing^"4" 
personnel  with  necessary  protective  clothing,  equips 
ment.  and  personal  hygiene  facilities  when  handling 
toxic  materials;  and  assisting  appropriate  accountable 
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officers  with  inspections,  for  the  protection  of 
subsistence  supplies,  clothing,  and  materials  stored 
in  depot?  and  warehouses.  . 

Medical  service.  The  medical  service  determines  the 
need  for  and  recommends  appropriate  pest  manage- 
ment programs  to  preserve  health  and  welfare;  advises 
on  control  measures  and  chemicals  employed;  advises 
on  and  monitors  health  protection  measures  afforded 
personnel  in  handling  toxic  materials;  and  determines 
the  adequacy  of  pest  management  programs- 


Exercises,  (218): 

I.  Match  responsibilities  with  the  responsible  agency 
by  placing  the  letter  beside  the  appropriate  number. 


v 


Agency 
sl  Major  co  monad* 
b.  Installation 

commander* 
c  Ovit  engineer, 
d.  Medical  service. 


Rexporuib  Wiy 

Establishes  measures  to  protect 
health,  morale,  and  property, 
prevent  the  transfer  of  pests 
(rem  one  location  to  another  by 
aircraft. 

Insures  the  establishment  and 
execution  of  effective  pes: 
management  programs  at  instal- 
lations within  jurisdiction. 
Determines  the  requirements  for 
and  recommends  app  top  date 
pest  management  programs,  to 
preserve1  health  and  welfare  of 
personnel 

Initiates  and  '  supervises  the 
planning  and  execution  of  all 
pest  management  programs. 


The  agency  that  should  be  contacted  to  support  you 
in  justifying  requirements  for  personal  protective 
devices  and  facilities  is  the  


The  agency  that  should  be  contacted  with  regard  to 
determining  the  appropriate  pesticide  and  control 
measure  to  be  used  when  in  doubt  at  .base  level  is 
the  \  


219.  State  the  methods  used  in  determining  pest 
I  management  requirements  and  identify  the-infor- 
//mational  source  that  applied  to  statements  provided! 

i 

t  ■  •■ 

Determining  Pest  Management  Requirements.  One 
'  method  for  determining  the  need  for  pest  management 
is  an  after-the-fact  situation.  This  is  nothing  more  .than' 
implementing  management  programs  after  the  pests 
have  become  established  Although  tmVrnethod  is 
often  used,  it  is  not  the  best -approach.  Pest  manage- 
ment requirements  can  most  often*be  determined  long 
before  the  pests  can  become  established.  Being  capable 


of  predicting  a  problem  and  establishing  preventive 
measure^  to  ward  off  the  problem  is  the  sign  of  a 
professional  pest  manager.  This  objective  describes 
the  methods  used  in  predicting  pest  problems. 

Load  data  and  records.  There  an  many  sources 
available,  on  and  off  base,  that  will  provide  you  with 
enough  information  to  make  reliable  predictions  as  to 
the  type  of  pests  that  may  cause  problems,  areas  that 
may  require  special  attention,  and  the  time  of  year  that 
problems  most  likely  will  exist  - 

The  US  Air  Force  Meteorological  Office  and  the 
National  Weather  Service  are  the  sources  available  for 
gathering  information  concerning  rainfall,  tempera- 
tures, wind  speed,  and  wind  directions. 

These  agencies  can  provide  you  with  data  that 
depicts  the  average  rainfall  and  temperature  for  each 
month  of  the  year  based  upon  many  years  of  record- 
keeping. This  data  alone  will  give  you  a  good  idea  as  to 
the  types  of  pests  most  likely  to  beprevelem  within  the 
area  and  when  the  problems  will  most  likely  occur. 
These  agencies  can  also  provide  you  with  information 
pertaining  to  the  average  wind  direction  and  speed ' 
during  certain  times  of  the  year.  This  information  can 
be  used  for  recognizing  the  possibility  of  pests  being 
blown  in  from  areas  surrounding  the  base,  where  pests 
.  are  known  to'be  or  suspected  of  being  prevalent. 

Now,  you  may  be  asking  yourself*  how  am  I  to  know 
what  pests  are  prevalent  off  base?  This  question  may 
be  answered  by  the  following. 

The  Couniy  Extension  Office  maintains  and 
distributes  pamphlets  and  bulletins  concerning  agri- 
cultural pests  in  the  area.  T 

The  County  Jfealth  Office  is  normally  responsible 
for  managing  health-related  pests  and  can  provide  you 
^wtth  information  pertaining  to  medically  important  ' 
pest^prevalcnt  in  tWarea.  This  office  can  also  provide 
information "  35  to  the  terrain  conditions  in  areas 
adjacentio  the  base?  . 

There  are  many  sources  of  information  that  can  be 
f  used  in  determining  pest  management  requirements 
_  and^  locaL  cylindrical  characteristics  of  pests  within 
your  own  or^ization?  The /Inm/a/r^X  Control  Plan 
is  a  document  prepared  by  personnel  just  like  yourself. 
Copies  ^of^this  plan  are  maintained  within  thej>ro-r 
grams  section  and  the  entomology  section  andean  be 
used  for  gathering  information  pertaining  to  previous . 
problem  pests,  problem  areas*  and  management 
techniques.  This  plan  can  also  offer  support  in  making 
your  prediction  as,  to  future  pest  problems. 

The  Pest  Summary  Repori  is  a  valuable  source  for 
gathering  information  pertaining  to  all  pests  that  have 
been  prevalent  on  base.  This  report  also  states  the  type 
of  areas  where  certain  pests  have  been  located,  pesti- 
cides that  have  been  previously  employed  in  manage- 
ment, pesticide  formulations  previously  used,  type  of 
treatment  applied,  and  the  hours  expended  in  specific 


record  of  each  visit  .by  pest  management  personnel 
to  that  facility.  By  reviewing  this  card  file  you  can  see 
which  facilities  offer  the  most  problems  based  upon 
the  frequency  of  visits.  You  can  also  kam  what  fists 
are  prevalent  to  each  facility,  pesticide,  and  pesticide 
formulation  most  generally  used  in  control  efforts, 
and  the  hours  expended  on  each  facility.  - 

In  addition  to  using  -local  data  and  records  as  a 
method  to  be  used  for  providing  you  with  information 
to  determine  pest  management  requirements,  ther 
original/basic  survey  must  be  conducted' 

Original/Basic  survey-  In  order  to  complete  this 
objective  refer  to  objective  210  and  review  the  infor- 
mation pertaining  to  the  original/  basic  survey.  * 


Exercises  (219):  - 

1.  What  are  the- two  methods  that  are  used  for  deter- 
mining pest  management  requirements?  \  ' 


2-  The  bifonnational-SQurce  that  provides  you  with 
terrain  conditions*in  areas  adjacent  to  the  base  is 
the  1.  !  


3.  List  two  agencies  that  can  provide  yon  with  infor- 
/  mation  pertaining  to  pests  within  the  area. 


.List  information  that  you  can  obtain  from  the  Air 
Force  Meteorological  Officer  concerning  con- 
ditions that  would  aid  in  determining  pest  manage- 
ment requirement^. 


5.  If  you  wanted  to  know  the  frequency  with  which  a 
particular  faculty  on  .base. has  been  treated  for  a 
specific  pest,  you  would  review  the  


6.  The  document  that  will  provide  you  with  infor- 
mation pertaining  to  the  type  of  treatment  pre- 
viously used  for  managing  certain  pests  is  the 


areas. 


Still  another  source  for  obtaining  information  is  the 
Pest  Control  Historical  Report.  This  is  a  card  file 
index  for  each  facility  on  base  that  providesacomplete' 


The  informational  source  that  provides  you  with 
information  pertaining  to  actual  conditions  that 
are  conducive  to  pest  infestations  is  the  : — 
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220.  Match  the  process  of  selecting  pest  management 
procedures  with  the  factors  to  be  considered. 

Bftsfr  for  Selecting  Pest  Management  Procedures. 
Selecting  pest  management  procedures  is  not  an  easy 
task  and  it  certainly  cannot  be  done  without  consider- 
ing many  aspects.  These  aspects  must  be  thoroughly 
analyzed  and  is  the  intent  of  this  objective. 

Pest  to  be  controlled.  The  first  step  that  must  be 
taken  in  every  situation  is  to  identify  the  pest.  In  most 
cases  pests  must  be  identified  to  species  because  many 
pests  within  the  same  genera  have  different  habitats 
and  habits,  thus  requiring  different  control  techniques. 

After  t  he  pest  has  been  identified,  you  must  consider 
another  point;  is  the  pest  more  detrimental  than 
beneficial?  This  question  may  raise  another  question; 
how  can  a  pest  be  beneficial?  To  help  you  in  understand- 
ing this^  the  word  pest  should  be  defined.  A  pest  can  be 
any  undesirable  plant  or  animal;  furthermore,  a  plant  or 
*  animal  can  be  very  beneficial  But,  in  a  particular  place 
-  and  at  a  particular  time,  the  same  beneficial  plant  or 
animal  can  be  a  pest 

If  the  pest  is  more  beneficial  than  detrimental,  then 
control  techniques  other  than  killing  should  be  imple- 
mented if  possible. 

Location  of  pests.  After  you  have  identified  the 
pests,  the  next  aspect  that  you  must  consider  is  the 
location  of  the  pest  The  location  of  the  problem  fa 
very  important  because  this  determines  the  urgency, 
materials,  equipment,  and  personnel  required  for 
managing  the  pests. 

An  example  of  this  would  be  honeybees  in  the  wheel 
well  of  an  alert  aircraft  therefore,  the  bees  must  be 
removed  promptly  by  using  pesticides.  However,  if  the 
same  honeybees  had  located  in  an  abandoned  auto- 
mobile they  could  have  been  removed  by  gathering  the 
queen  bee  and  transporting  her  to  another  area, 
causing  the  others  to  follow. 

If  the  pests  are  located  on  'vegetation,  control 
'measures  must  be  implemented  that  would  not  be 
detrimental  to  the  vegetation.  Formulations  of  oil 
solutions  must  certainly  be  avoided  in  this  instance. 

Managing  pests  that  are  located  in  aquatic  areas  is 
still  another  problem  which  must  be  handled  with 
great  care,  especially  if  this  aquatic  area  happens  to  be 
a  stream,  pond,  or  lake.  During  the  planning  stage for 
developing  pesr  management  programs  related  to  all 
aquatic  pests*  insure  that  you  know  Federal  and  State 
laws  governing  environmental  protection.  There  are 
certain  aquatic  pest  management  procedures  that 
cannot  be  used;  for  instance,  some  States  will  not 
allow  chemical  treatment  of  aquatic  areas,  in  con- 
trolling aquatic  breeding  pests  and  aquatic  vegetation. 
With  this  in  mind,  you  must  know  other  control 
measures  that  can  be  used  to  deal  with  the  problem. 

(NOTE:  Types  of  controls  and  control  measures 
will  be  discussed  separately  within  this  section.) 

Take  a  look  at  another  situation  where  pest  location 
determines  the  management  procedure  even  when 
dealing  with  the  same  pest  specie.  To  manage  German 


cockroaches  in  a  base  dining  facility,  you  can  only 
apply  pesticides  to  cracks  and  crevices,  which  is 
nothing  more  than  spot  treatment.  However,  if  these 
same  cockroaches  had  been  located  in  a  billeting 
facility,  a  pesticide  residual  could  have  been  applied 
4o  baseboards,  ^alls,  And  ceilings. 

Taking  this  example  a'  little  further,  assume  that 
these  same  cockroaches  are  located  in  an  electrical* 
panel  box  in  a  base  billeting  facility.  In  this  situation* 
base  policy  requires  two  people  for  the  job  when  enter- 
ing billeting  facilities.  In  addition,  it  would  require 
the  use  of  a  pestiddal  dust  formulation  and  a  hand- 
bulb  duster  to  reduce  fire  and  electrical  hazards. 

Here  is  another  example  that  will  illustrate  the 
importance  of  the  pests*  locations  that  involves  a 
different  type  of  pesL  A  base  facility  is  heavily  infested 
with  dry-wood  termites  and  if  not  treated  very  soon* 
the  damage  will  spread  to  such  a  degree  that  it  will 
make  the  facility  unsafe.  Being  aware  of  this  fact,  you 
know  that  it  must  be  treated  at  once.  Having  know- 
ledge of  dry-wood  termites,  you  also  know  that  they 
must-rbe  managed  by  performing  fumigation  opera- 
tions which  require  a  fumigant,  specialized  equipment 
and  materials,  and  a  minimum  of  two  people.  In  this 
example*  you  have  seen  the  job  was  u  rgent  to  preclude 
farther  damage  arid  spread  of  infestation,  and  you  also 
noticed  that  it  dictated  the  materials,  equipment,  and 
personnel  required  to  perform  the  operations. 

There  arc  many  other  situations  that  could  be 
identified  to  exemplifying  the  importance  of  pests* 
locations  when  selecting  pest  management  procedures; 
but  there  is  no  need,  because  it  can  be  understood  at 
this  point.  / 

Environmental  conditions.  Environmental  con- 
ditions play  a  very  important  role  in  selecting  pest 
management  procedures.  In  some  situations,  winds 
predict  the  time,  place,  and  type  of  control  to  be  used. 
Generally,  outdoor  spraying  operations  will  not  be 
performed  when  wind  speeds  exceeding  S  mph  create 
drift  hazards.  Outdoor  fogging  and  ultra-low-volume 
dispersal  operations  should  never  be  accomplished 
with  wind  speeds  exceeding  8  mph  because  chemicals 
would  be  blown  away  which  would  result  ina  waste  of 
materials,  time,-  and  effort  and  at-  the  same  time 
jeopardize  other  elements  within  the  environment. 

Moderate  winds  can  be  quite  beneficial  in  treating 
areas  such  as  ponds  and  tall  trees  mat  otherwise 
cannot  be  treated  with  normal  pesticide  dispersal 
equipment. 

Rain  can  wash  away  residual  sprays  that  have  been 
applied  to  trees,  shrubs,  and  grasses  for  controlling 
vegetation  pests  and  make  ^accomplishment  neces- 
sary* In  view  of  this,  residual  spraying  operations 
should  not  be  performed  prior  to  suspected  rainfall 
Rains  will  ako  necessitate  the  reaccompiishment  of 
mosquito  larvidde  operations  in  some  cases.  In  other 
cases  the  rain  may  act  as  a  natual  control  by  causing 
an  overflow  of  water  holding  areas  that  contain 
mosquito  larvae,  thus  eliminating  ihe  need  for  imple- 
menting controls. 
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Rains  can  also  bring  problems  with  pests  that  arc 
not  normally  encountered  during  dry  weather.  During 
continuous  rainy^conditions  there  seems  to  be  an  over- 
abundance of  mosquitoes,  snails,  anil  slugs.  Flies, 
cockroaches,  earwigs,  crickets,  rats  and  mice,  along 
with  many  other  pests\ cause  unusual  concern  to 
building  occupants  during  rainy  periods,  and  at  the 
same  time,  fungi  causes  great  concern  because  it 
thrives  on  moisture. 

Considering  environmental  conditions  as  a  basis  for 
selecting  pest  management  procedures  involves  much 
more  than  just  the  wind  and  rain.  All  aspects  of  the 
environment  must  be  considered.  The  terrain  and 
presence  of  all  beneficial  plants  and  animals  must  be 
considered  at  all  times  to  prevent  contamination  of 
water  sources  and  the  killing  of  nontarget  organisms. 

-  Permanent  vr  temporary  controls.  Consideration 
must  be  given  to  the  long-range  plans  for  the  tnstalla-  . 
tion  to  which  you  are  assigned  if  you  decide  if  per- 
manent or  temporary  controls  are  to  be  emphasized. 
If  there  are  long-range  plans  for  the  base  or  installation 
to  be  in  existence/  permanent  controls  should  be 
emphasized        *  . 

Initially,  permanent  controls  may  be  more  expensive 
than  .temporary  controls  but  most  often  will  be  less 
expensive  in  terms  of  repeated  use  of  materials, 
equipment,  and  man-hours  expended  through  tem- 
porary controls.  Permanent  control  measures  can 
sometimes  be  coordinated  with  other  base  activities. 
For  instance,  if  an  area  is  being  excavated,  arrange- 
ments can  be  made  to  use  the  earth  to  fill  mosquito 
breeding,  areas  as  long  as  it  doesn't  violate  environ- 
mental protection  policies  within  the  area. 

Temporary  controls  must  be  considered  on  the  basis 
of  merit  These  controls  offer  no  long-term  benefits;' 
however,  as  previously  stated,  they  are  normally  less 
expensive  initially.  Temporary  controls  are  required  in 
situations  such  as  reacting  to  emergency  pest  problems 
and  Operating  on  an  austere  budget.  When  temporary 
controls  are  implemented  it  must  be  understood  that 
these  are  only  controls  to  offer  immediate  relief,  and 
you  should  be  thinking  of  permanent  controls  that 
would  prevent  reoccurrences  of  the  same  problem. 

When  selecting  permanent  or  temporary  pest 
management  procedures,  you  must  consider  the 
urgency  of  the  problem,  environmental  protection 
laws,  and  available  resources  sue  has  personnel,  time, 
materials,  and  equipment, 

Although  permanent  control  programs  are  generally 
most  difficult  to  sell  to  the  higher  echelons  of  manage- 
ment they  are  the  best  and  least  expensive  in  the  long 

-  range  and  should  be  stressed.  Selling  this  program  to 
the  higher  levels  of  management  requires  strong] ustif> 
cation  and  is  entirely  dependent  upon  your  ability  in 
presenting  all  facts. 

A  Mailable  resources.  Your  selection,  of  pest  manage- 
ment procedures  is  partially  based  upon  the  resources 
that  arc  available  to  you.  Some  pest  management 
programs  that  you  would  like  to  implement  may  be 
impossible  due  to  the  nonavailability  of.certain  types 


'as 

of  equipment  and  materials.  Other  barriers  that  might 
be  in  your  way  is  a  shortage  of  personnel  and  funds. 
^  When  confronted  with  these  problems*  it  is  your 
responsibility  to  obtain  the  resources  required  to  select 
and  devel  op  an  alternative  pest  management  program 
that  will  be  safe  and  effective.     .  ^ 

Stfety  and  effectiveness.  The  safety  and  effective- 
ness of  pest  management  procedures  are  the  two  most 
important  aspects  to  be  considered*  and  all  phases  of 
pest  management  planning  must  be  based  upon  them. 

Safety  is  the  first  and  most  important  aspect  to  be 
considered.  If  you  think  a  program  cannot  be  accom- 
plished safely,  then  it  should  be  abolished  and  an 
alternative  method  implemented*  even  though  it  may 
be  less  elective. 

<  There  are  many  programs  thaican  be  used  effective- 
ly in  managing  pests,  but  when  selecting  a  program 
that  is  safe  and  still  effective,  tt  reduces  the  number  of 
choices  considerably- 


Exeroses  (220): 

Match  the  statements  concerning  the  selection  of  pest 
management  procedures  with  the  factors  to  be  con- 
sidered  by  placing  the  appropriatenumber  or  numbers 
beside  the  applicable  letter,  NOTE;  More  than  one 
factor  may  be  considered  for  each  statement. 

-    1,  Pens  to  be  controlled,    a.  Considering  the  cumber  of 

 2_  Location  of  pests.  personnel  to  do  the  job* 

 3.  Environmental  b-  Defennming  the  detrimental 

conditions.  and  beneficial  aspects. 
 4.  Permanent  or  temporary  /c  Considering  the  topograph; 

controls*  /     of  immediate  area. 

 5.  Available  resources      <L  Deiemmmgiheurgencyfor 

 6.  Safety  and  effectivenest       implementing  controls, 

e.  Considering  long-range 
plans  for  the  base  or  in- 
stallation! 

f.  Analyzing  merits  of  pest 
management  programs. 

) 

221.  Match  situations  that  require  coordination  for 
pest  management  with  the  acrivh^/ activities  with 
which  they  should  coordinate. 

Pest  Management  Coordination*  To  effectively 
maintain  a  pest  management  program,  there  must  be 
close  coordination  between  the  entomology  section 
and  other  sectioos^withintheorganizationL  In  addition, 
close  coordination  is  required  with  many  other 
activities  on  and  off  base.  The  quality  and  quantity  of 
support  rendered  by  various  activities  will  be  greatly 
dependent  upon  your  knowledge  of  the  responsi- 
bilities and  capabilities  of  each  activity  and  also  your 
ability  to  process  requests  tactfully,  expediently*  and 
properly. 

Base  and  command  activities  and  responsibilities. 
Understanding  the  responsibilities  and  capabilities  of 
the  available  activities  that  commonly  require  coordi- 
nation is  the  object  of  this  discussion. 
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There  are  many  activities  within  your  own  organiza- 
tion that  can  render  immense  support,  upon  approval, 
in  p  est  management  from  the  very  beginning  (planning 
stage)  to  the  end  (pests  being  managed.) 

The  Programs  Section  becomes  involved  in  every 
pest  management  program.  The  degree  of  involvement 
is  dependent  upon  the  scope  of  each  pest  management 
program.  If  pest  management  can  be  accomplished 
with  a  service  call  the  programs  section  may  only  be 
required  to  "record  the  expenditures,  location,  and 
type  of  treatment  performed;  however,  if  it  requires 
work  order  accomplishment,  then  the  programs 
section  becomes  much  more  involved.  Through  your 
assistance  the  Programs  Section  must  develop  a 
program  by  identifying  the  location  and  urgency  of 
the  job.  type  of  work  to  be  performed,  materials  and 
equipment  required,  other  sections  to  be  involved,  and 
sequence  of  events.  Based  upon  this  information,  the 
Programs  Section  must  estimate  the  total  cost  of  the 
pest  management  program,  obtain  work  order 
approval  materials  and  equipment  required,  schedule 
sequence  of  events,  and  monitor  all  phases  of  the 
program. 

The  sections  within  your  own  career  ladder  than  can 
offer  support  are  the  Refuse  Collection  and  Disposal 
and  Environmental  Support  Sections.  The  Refuse 
Collection  and  Disposal  Section  can  make  your  job 
much  easier  by  exercising  proper  techniques  in  the 
collection  and  disposal  of  base  refuse.  Through 
frequent  and  proper  collection  and  disposal  of  refuse, 
breeding  matter,  food  sources,  and  harborages  for 
pests  are  eliminated^ hereby  reducing  conditions  that 
are  conducive  to  pest  infestations. 

The  Environmental  Support  Section  can  often 
assist  you  in  maintaining  the  pumps  on  pesticide 
dispersal  equipment.  In  doing  this,  maintenance 
expenses  are  reduced  and  the  ability  to  perform  pest 
management  operations  is  increased.  While  on  the 
subject  of  equipment  maintenance,  take  a  look  at  the 
other  sections  within  your  own  organization  that  can 
offer  assistance. 

Power  Production  can  be  very  instrumental  in 
performing  maintenance  on  many  four-cylinder 
engines  used  on  pesticide  dispersal  equipment; 
whereas  Pavements  and  Grounds  can  help  in  main- 
taining two-cylinder  engines  on  the  equipment.  Pro- 
tective Coating  can  be  very  helpful  in  reconditioning 
your  equipment  by  removing  corrosion  and  deterior- 
ated paint  and  By  reapplying  a  coating  system  Metal 
Working  can  assist  in  straightening  and  repairing  most 
metals  associated  with  powered  pesticide  dispersal 
equipment  and  fabricating  certain  metal  items  used  for 
equipment  modifications.  In  addition,  thissectioncan 
fabricate  bait  stations  and  shields  to  be  used  in  pest- 
proofing  base  facilities. 

The  Carpentry  and  Masonry  Sections  within  civil 
engineering  plays  a  very  important  role  in  many  pest 
management  programs.  They  are  responsible  for 
removing  portions  of  structures  when  necessary  to 
enable  you  in  getting  to  the  source  of  pest  problems: 
and  following  this,  they  must  replace  or  repair 


portions  removed  or  damaged-  These  sections  can  also 
assist  in  pestproofing  base  facilities  by  repairing  or' 
replacing  doors,  windows*  and  screens  and  by  filling  in- 
or  covering  up  cracks  and  crevices  in  walls  and  ceilings 
and  around  pipes  that  enter  the  building. 

The  Plumbing  and  Heat  Systems  Sections  are 
important  in  identifying  the  location  of  water,  steam, 
and  firMXtbguishlng  lines  in  all  areas  of  the  base. 
This  often  becomes  necessary  when  you  are  involved 
in  treating  for  subterranean  termites. 

The  Interior  Electric  Section  is  an  invaluable  source 
for  obtaining  information  pertainmgto  the  location  of 
electrical  wiring  and  panel  boxes.  Many  pest  manage- 
ment situations- require  that  electrical  power  be  shut 
off  to  facilities  prior  to  performing  management 
operations.  When  fogging  or  aerosoling  indoors, 
electrical  power  must  be  shut  off  to  reduce  explosion 
and  fire  hazards. 

Exterior  Electric  Sections  assist  in  running  power 
lines  to  areas  for  operating  light  traps  in  conducting 
surveys  and  providing  high-reach  equipment  and 
operators  when  performing  pest  management  opera- 
tions such  as  removing  bird  nests  from  hangars,  bird- 
proofing  buildings*  and  picking  bagworms  or  p  running 
trees  to  remove  webworm  nests.  j 
-  The  Equipment  Section,  along  with  Pavements  and 
Grounds  Section,  becomes  involved  when  pest 
management  programs  include  excavating  or  filling  to 
eliminate  mosquito  breeding  areas  and  to  provide  an 
appropriate  grade  allowing  waier  to  drain  away  from 
buildings  to  resolve  conditions  that  would  be  con- 
ducive  to  decay,  fungi,  and  termites- 

As  you  have  seen,  almost  all,  if  riot  all,  sections 
within  your  own  organization  have  a  hand  in  pest 
management  every  now  and  then  to  make  you  job 
easier  and  more  professional;  but  there  are  even  more 
activities  on  base  that  assist  in  pest  management* 

Environmental  Health  Personnel  are  responsible 
for  conducting  surveys  for  health-related  pests  on  base 
and  for  making  recommendations  as  to  the  manage- 
ment programs  to  be  implemented  against  medically 
related  pests.  They  are  also  responsible  for  monitoring 
the  types  of  pesticides  used  on  base  and  the  manage* 
ment  techniques  employed.  This  section  monitors 
industrial-related  health  hazards  and  performs 
physicals  on  individuals  who  work  in  areas  that  have 
been  identified  as  hazardous  or  in  food  serving 
facilities. 

As  a  pest  manager,  .you  will  be  required  to  have 
occupational  physicals  performed  periodically  by 
these  individuals  to  tesi  your  hearing  and  to  determine 
the  levels  of  toxic  chemicals  within  your  body. 

The  Base  Veterinary  Services  is  responsible  for 
insuring  that  base  facilities  are  kept  clean  at  all  times, 
especially  base  dining  and  food  service  facilities. 
Through  the  combined  efforts  of  you  and  the  base 
veterinary  services,  many  pests  can  be  managed 
effectively  and  safely  by  recognizing  unsanitary 
conditions  and  taking  immediate  actions  to  correct 
them.  The  base  veterinary  services  also  provides  great, 
support  in  the  detection  of  stored  produce  pests  and 
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controlling  diseases  that  are  transmitted  by  dogs,  cats, 
skunks,  and  other  animals  of  this  type  that  happen  10 
be  on  base. 

The  Ground  Safety  Office  provides  support  in 
obtaining  safety  items  thai  can  be  justified  to  improve 
safety  standards  during  pest  management  operations. 
Personnel  within  this  office  perform  periodic  inspec- 
tions to  observe  personnel  that  are  on  the  job  perform- 
ing to  detect  unsafe  practices  and  unsafe  conditions. 
Do  not  belittle  this  approach  taken  by  the  ground 
safety  representatives,  because  it  is  a  very  important 
program  designed  to  protect  you  and  your  coworkers. 
If  your  shop  is  not  adequate'  for  storing  and  mixing 
pesticides  or  if  it  is  not  properly  lighted,  the  Ground 
Safety  Office  personnel  are  the  people  .you  should 
contact  if  you  have  been  unable  to  gei  support  within 
your  own  organization. 

The  Traffic  Management  Branch  within  the  trans- 
portation organization  becomes  involved  with  dearing 
railcars  that  have  been  fumigated  with  Phos toxin: The 
freight^ecjion.  must  notify  you  upon  the  arrival  of  a 
fumigated  tailcar,.  and  they  must  conduct  the  actual 
removal  of  the  securing  seaL  ^ 

Other  branches  such  as  Traffic  Management  and 
Vehicle  Maintenance  can  provide  you  support  in 
obtaining  additional  means  of  transportation  when 
required.  They  will  maintain  the  vehicle  assigned  to 
your  section,  with  the  exception  of  performing  opera- 
tor maintenance,  which  is  your  responsibility. 

Of  course,  there  are  many -more  activities  on  base 
that  you  will  have  a  need  to  coordinate  with  from  time 
to  time  such  as  the  Base  Information  Office  and  field 
maintenance  organization;  but,  the  ones  that  have 
been  discussed  are  the  activities  you  will  be  coordi- 
nating with  most  often.  ft 

Cooidinatingwith  major  commands  is  generally 
restricted  to  problems  that  cannot  be  accomplished 
at  base  level  concerning  pest  management  and  to 
cenificaiion/recertification  of  pest  managers.  If  you 
have  questions  concerning  any  pest  management 
situation  that  you  feel  has  not  been  answered  ade- 
quately from  sources  on  base,  then  you  should  request 
assistanccfrom  the  command  entomologist  or  repre- 
sentative of  that  function  using  the  proper  chain  of 
command. 

Coordination  with  the  major  command  is  required 
anytime  it  is  believed  that  pest  management  must  be 
accomplished  by  dispersing  pesticides  with  aircraft. 
There  are  many  pest  management  programs  aid 
pesticides  that  must  be  approved  at  major  command 
level  prior  to  their  use.  Be  sure  that  the  program  that 
you  have  planned  is  Safe  and  is  an  authorized  program 
before  you  implement  it,  unless  you  have  received 
prior  approval. 

The  US  Public  Health  Service  has  funds  that  arc 
available  for  controlling  malaria,  typhus,  and  other 
diseases  that  appear  on  private  property  adjacent  to 
Air  Force  bases.  If  these  disease-carrying  pests 
constitute  a  menace  to  the  health  of  Air  Force  person* 
nel.  the  base  commander  may  request,  through  proper 
Air  Force  command,  that  the  Public  Health  Service 


make  a  survey  of  the  surrounding  area.  If  the  survey, 
shows  the  existence  of  a  dangerous  condition,  the 
agency  will  perform  the  work  at'  its  own  expense.  / ' 
"  Many  of  die  management  procedures  now  used  to  & 
combat  pests  have  been  developed  by  the  Bureau  of 
Entomology  and  Plant  Quarantine  of  the  US  Depart- 
ment of  Agriculture.  Personnel  from  this  department 
may  assist  the  civil  engineer  in  the  control  of  termites, 
Japanese  beetles,  grasshoppers*  eta  However,  the 
request  for  assistance  must  be  sent  directly  to*  the 
Department  of  Agriculture. 

The  Fish  and  WiWIifc  Service  of  the.  US  Depart* 
ment  of  Interior  may  give,  upon  request,  techncial  aid 
in  controlling  rats,  mice*  ground  squirrels*  other 
rodent  pests,  and  coyotes. 

State,  county,  and  city  control  agencies  are  very 
important  to  the  Air  Force;  because  they  cany  on 
active  mosquito  control  operations  and  cooperate  in 
keeping  down  the  occurrence  of  rats,  flies,  and  other 
pests  off  base.  On  the  other  hand,  it  is  the  responsi- 
bility of  the  base  civil  engineer  to  eliminate  base 
conditions  that  might  adversely  affect  the  surrounding 
community.  Close  cooperation,  both  on  and  off  basev 
is  essential  if  effective  results  are  to  be  obtained  in  the 
war  against  pests. 


E**rdse<221): 

L  Match  the  problem  situation  with  the  activity  or 
activities  it  should  be  coordinated  with  in  obtaining 
assistance  in  pest  management  by  placing  the 
appropriate,  letter  or  letters  beside  the  applicable 
number- 


Problem  Situation 

1.  A  pump  on  the  powered  dis- 
persal equipment  needs  re- 
pairing. 

2.  The  location  of  panel  boxes 
and  wiring  needs  to  be  identified 
inside  a  facility  prior  to  per- 
forming  pest  management 

operations. 

3.  An  additional  vehicle  is  re- 
quired in  order  to  accomplish  a 
specific  type  of  pest  manage- 
ment operation. 

4.  A  pest  problem  exists  on  base 
and  the  only  way  it  can  be 
brought  under  control  o  by 
aerial  dispersal  of  pesticides. 

5.  Assistance  is  required  from 
sources  off  base  to  control 
Japanese  beetles, 

6.  Assistance  is  reqtiired  in  over- 
hauling a  four-cylinder  engine 
on  the  Buffalo  turbine. 

7.  Surveys  are  needed  io  deter-' 
mine  the  presence  of  medically 
related  pests, 

it.  Addition^  informal  too  is 
needed  concerning  the  safciy 
aspect  of  a  particular  pest 
management  program. 

9.  A  basewide  pest  management 
program  is  to  be  implemented  T 


Activity 
a.  Base  Information 

Office 
b^.  Eaviromaental 

Health. 
c  Environmental 

Support, 

d.  Ground  Safety 

e.  Interior  Heetrie 

f.  Major  Command 

g.  Power  Production 

h.  Traffic  Management. 
L  USOeptof 

Agriculture. 

US  Dept  of  the 

Interior, 
k.  Base  Veterinary 

Services 
U  Ejcierior  Electrie 
m.  Proactive  Coating 
n.  US  Public  Health 

Services.  . 
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and  all  personnel  on  base  must 
be  advbed  is  10  when  the  p:o- 
.  gram  wiJ  be  implemented  4nd 
the  aci  tons  requited  from  tittm 
ID.  Technical  assistance  is  required 
for  controlling  coyotes  that 
have  become  established  on 
base. 

[[.'Support  is  needed  tn  demand- 
ing (hat  unsanitary  conditions 
indoors  be  corrected. 


222,  Given  pest  management  situations,  list  the  types 
of  controls  that  are  involved  in  each  of  the  situations. 

i 

-I 

Types  of  Controls.  Before  yc/u  can  coordinate  pest 
management  programs,  it  is  essential  that  you  know 
the  types  of  controls  and  the  facts  pertaining  to  these 
types  of  controls.  All  pests  arc1  managed  bynatural  and 
applied  controls.  / 

Natural  controls-  This  is  a  method  in  which  pests 
are  controlled  by  natural  environmental  conditions. 
Many  pests  cannot  survive  in  extreme  or  prolonged 
lemperatures.  This  is  indicated  by  the  presence  of 
numerous  pests  in  warm  temperature  regions  and  very 
few  pests  in  regions  that  have  four  distinct  seasons, 
where  pest  problems  areftnore  seasonal. 

Rain  controls'  many  pesis  by  beating  them  from 
plants  and  overflowing  artificial  containers,  potholes, 
ditches,  and  small  poiKls  exposing  eggs  and  larvae, 
causing  thera'to  dry  upJ 

Most  pests  require  moisture:  therefore,  very  dry 
weather  will  preclude  many  pests  from  becoming 
established  within  an  area  and  will  also  cause  many 
to  die,  _  f  ' 

Almost  all  Nving*eiernenfs  within  the  environment 
have  natural  predators  and  these  predators  contribute 
immensely  to  managing  many  pests.  This  is  nature's 
way  of  helping  to  maintain  a  balance  between  the 
living  elements.  \ 

Applied  Controls.  This  tfype  of  control  is  imple- 
mented when  nature  cannot  maintain  the  balance  of 
living  element?  within  the  environment  or  when  it 
becomes  necessary  to  control  pests  that  have  no 
natural  enemies  within  the  area  and  to  control  pests 
rapidly.  \ 

Applied  controls  include  alt  eoVttrols  that  have  been 
implemented  by  people.  Anytime^  someone  becomes 
involved  in  managing  pests,  whether  it  be  direct  killing 
or  introducing  predators  to  the  area^forthemtodothe 
killing,  it  is  still  considered  ro  be  aa  applied  control* 

There  are  two  basic  applied  control  principles  that 
can"  be  implemented  in  managing  pests.  All  applied 
controls  are  either  preventive  or  corrective,  and  many 
will  be  a  combination  of  the  two.      \  . 

a.  Preventive  controls.  As  previously  stated,  pre- 
ventive controls  are  preferred  because\they  are  de- 
signed to  forestall  pest  infestations  aiK^they  are  the 
most  economical.  Preventive  controls  include  main- 
taining high  standards  tn  sanitation.  Constructing 
facilities  in  a  fashion  that  will  keep  pestsor^the  outside, 


landscaping  areas  to  provide  adequate  drainage  of 
water,  and  maintaining  as  effective  quarantine 
program.  These  are  only  a  few  of  the  many  preventive 
controls  that  can  be  implemented,  and  many  of  these 
will  be  recognized  as  forms  of  corrective  controls.  The 
only  difference  will  be  in  the  sequence  of  occurrence. 

b.  Corrective  controls.  These  controls  are  rated  in 
last  place  because  they  are  designed  to  cope  with  pest 
problems  that  already  exist;  however*  they  do  play  a 
very  important  role  in  pest  management.  Corrective 
controls  are  required  in  many  situations  to  quickly 
reduce  or  arrest  pest  problems  of  medical  and  eco- 
nomical importance. 


Exercises  (222): 

1.  While  conducting  the  original/ basic  survey,  you 
noticed  that  there  were  several  shrubs  heavily 
infested  with  aphitfs.  You  also  observed  that  the 
shrubs  had  not  received  any  noticeable  damage  and 

t  that  there  were  several  mannds  on  the  shrubs. 
Knowing  that  themantids  are  predacious  to  aphids, 
■the  type/types  of  control/controls  most  appro- 
priate for  this  situation  would  be  \  . . 

2.  WhileconductjngatermiteandwcKxidecayirispec- 
tion  on  base  facilities,  you  observed  several  water 
leaks  within  the  plumbing  system  beneath  the 
building.  Knowing  that  this  presents  a  condition 
that  wouid  be  very  conducive  to  sub  terra  nnean 
termites  and  fungi,  you  turn  in  a  job  order  to  have 
the  pipes  repaired  or  replaced.  The  type/types  of 
control/  controls  involved  in  this  situation  would 
be   :  ;  

3.  You  received  a  service  call  concerning  flies  in  a 
dormitory  on  base  and  you  responded  by  conduct- 
ing a  survey.  During  the  survey  you  found  that 
houscflies  were  the  problem*  and  the  source  of  the 
problem  was  decaying  grass  clippings  which  had 
been  piled  but  not  removed.  You  also  found  that 
t  he  flies  were  entering  the  buildjgg  through  window 
screens  that  were  deteriorated.  Therefore,  you 
informed  the  building  custodian  of  what  you  had 
found  and  stated  that  the  grass  clippings  must  be  re- 
moved and  a  job  order  must  be  submiried  to  civil 
engineering  to  replace  or  repair  the  window  screens. 
The  type/types  of  control/ controls  taken  in  this 
situation  would  be  _,  :  j  

4.  During  a  survey  to  determine  the  presence  of 
mosquito  larvae,  you  collected  several  larvae  in  a 
pond  that  is  stocked  with  fish  as  a  part  of  the  base 
recreation  program.  Knowing  that  you  cannot  use 
pesticides  in  the  pond  for  fear  of  killing  the  fish,  you 
initiate  a  program  of  introducing;  gambusia 
minnows  into  the  pond  too.  since  they  are  pre* 
dacious  to  mosquito  larvae.  This  would  be 

control/controls. 

5.  You  have  been  informed  that  a  new  facility  is  to  be 
constructed  on  base,  and  you  request  permission  to 
review  the  contract.  Reviewing  the  contract  you 
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find  that  there  are  no  provisions  for  soil  poisoning 
at  the  sight  of  construction;  therefore,  yoa  request 
that  this  provision  be  included  and  accomplished 
prior  to  construction.  This  would  be  a  form  of 
 ■   control/ controls. 


223.  Compare  applied  pest  controB  measures  and 
match  control  measures  with  the  appropriate  type  of 
applied  controls. 


Applied  Controls,  There  are  six  specific  types  of 
applied  controls  that  can  be  used  in  managing  pests, 
and  in  many  situations  you  will  be  using  more  than  one 
at  a  time.  When  a  combination  of  specific  controls  is 
implemented  simultaneously  in  a  particular  pest 
management  program,  this  is  referred  to  as  an  inte- 
grated control  \ 

Remember,  applied  controls  are  control,  measures 
that  are  implemented  by  individuals,  and  they  can  be 
preventive  and  corrective,  depending  upon  the  control 
measure  used  and  when  it  is  used. 

Five  of  the  six  specific  applied  controls  are  non- 
chemical  controls*  which  are  the  types  that  should  be 
considered  fir?*  because  they  present  fewer  hazards  to 
the  environment  and  in  most  situations  these  controls 
are  more  permanent-  Therefore;  the  five  nonchemical 
applied  controls  will  be  discussed  first 

Legal  controls.  These  are  control  measures  imple- 
mented to  prevent  the  spread  of  destructive  or  harmful 
pests  to  areas  that  are  presently  relatively  free  from 
these  pests.  Quarantine  operations  are  designed  for 
this  purpose.  If  you  have  traveled  to  other  countries 
or  even  certain  states,  you  may  have  been  involved 
with  a  fornvof  legal  control  when  passing  through 
agricultural  quarantine  inspection  stations/ 

Biological  controls.  These  controls  involve  the 
introduction,  production,  and  release  of  parasites, 
predators;  and  diseases,  which  in  .  turn,  attack  and 
reduce  or  control  harmful  arthropods.  Other  aspects 
of  biological  control  is  the  protection  of  insectivorous 
arthropods;  propogation  and  spread  of  disease- 
producing  protozoa,  bacteria,  fungi,  and  viruses;  and 
the  production  and  release  of  diseased  arthropods*  - 

You  will  have  very  little,  if  any,  control  over  legal 
and  biological  controls  because  these  are  established 
and  implemented  by  other  Federal  agencies;  however, 
you  must  be  knowledgeable  of  these  controls  and 
recommend  or  utilize  them  when  warranted. 

As  an  entomology  specialist,  you  must  be  know- 
ledgeable of  the  remaining  three  nonchemical  controls 
because  these  are  extremely  important  to  you  and 
other  base  personnel 

Construction  and  maintenance  controls.  This 
applied  control  measure  involves  the  proper  erection 
and  reparation  of  facilities  and  grounds.  Proper 
construction  and  maintenance  is  intended  to  "build 
out"  pests. 


Grounds  should  be  prepared  and  maintained  to 
-allow  proper  drainage  away  from  facilities  and  to 
efefliaie  low-lyingf'&xeas  that  frequently  hold  water. 
*^fScfefirashould  be  constructed  with  termite  shields  . 
where  applicable  tight-fitting  doors  and  screens, 
sufficient  roof  overhang*  and  proper  ventilation  in  J 
attics  and  beneath  floors. 

Mechanical  controls.  These  controls  involve  the  use. 
of  devices  designed  for  the  mechanical  destruction  or 
exclusion  of  harmful  and  destructive  arthropod  pests. 
These  devices  include  items  sutftas  traps  and  barriers 
and  may  involve  the  physical  removal  of  pests. 

Sanitation  controls.  To  pest  managers,  sanitation 
control  measures  are  considered  the  most  important 
because  when  proper  sanitation  techniques  are 
applied  it  removes  the  elements  that  are  required  for 
pest  survival  Sanitation  control  is  the  prime  preven- 
tive and  corrective  measure  to  be  implemented.  Proper 
sanitation,  removes  the  food,  water,  and  harborage, 
that  would  attract  or  support  pest  populations. 
Sanitation  control  measures  include,  but  are  not 
limited  to,  keeping  facilities  free  of  dirt,  crumbs,  and 
grease;  keeping  lawns  and  adjacent  areas  mowed  and 
free  of  rubbish,  such  as  cans,  bottles,  vines,  and  brush; 
storing  refuse  in  tightly  sealed  containers;  collecting 
refuse  frequently  and  carefully;  and  dispo  sing  of  refuse 
in  a  proper  manner. 

As  can  be  seen,  there  are  many  control  measures 
available  for  managing  pests,  and  none  involves  the 
use  of  chemicals.  Sanitation, 'construction  and  main- 
tenance, and  mechanical  control  measures  should  be 
given  prime  consideration  and  implemented  whenever 
possible  to  reduce  o r eliminate  environmental  hazards. 
^  Chemical  controls.  Now  that  each  of  the  five  non- 
chemical controls  has  been  discussed,  it  is  time  to 
discuss  chemical  controls.  These  have  been  placed  last 
because  they  should  be  considered  as  a  last  resort  At 
times,  chemical  control  is  essential  for  rapid  elimina-" 
tion  or  reduction  of  pest  populations,  especially 
during  natural  disasters  and  epidemics.  Under  these 
circumstances,  the  use,  of  nonchemical.  principles 
wqtdd  be  inadequate.  However  remember  that  pests 
cannot  be  eliminated  by  using  pesticides  alone, 
because  this  is  only  a  temporary  method  of  control 

Failure  to  achieve  control  of  a  specific  pest  or 
disease  with  a  chemical  control  measure  may  be  the 
result  of  local  ecological  conditions  (mutual  relations 
between  organisms  and  theirenvironmeht),  the  species 
involved,  formulation  or  application  of  the  pesticide, 
pesticide  resistance;  or  faulty  timing  of  the  treatment. 
You  must  recognize  the  need  to  assess  the  possible 
'influence  of  each  of  the  factors  in  any  control  situation 
so  that  you  can  analyze  the  problems  involved  and 
thicker  and  apply  these  counter  measures  that  offer 
the  best  solution.  The  ability  to  plan  and  effectively 
conduct  an  integrated  control  program  is  fundamental 
to  achieveing  vector  control 

Pests  can  overrun  an  area  in  a  very  short  time  if 
control  measures  are  not  employed;  therefore,  it  is 
your  responsibility  to  know  the  types  of  controls, 
when  to  employ  them,  and  how  to  maintain  control 
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Exerdso  (223): 

].,  The  two  applied  control  measures  that  you  jjave 
very  little  control  over  because  of  being  established 
and  implemented  by  other  Federal  agencies  are 
 and  

2.  The  applied  control  measure  that  should  be  used  as 
a  last  resort  is  

3.  The  control  measure  that  is  considered  to  be  the 
most  effective  in  preventing  pest  populations  is 

4.  Match  control  measures  with  the  appropriate  type 
of  applied  controls  by  placing  the  applicable 
number  beside  the  appropriate  letters. 


— j- 

 L 


Control  Measures 
Introduction  of  predators. 
Application  of  pesticides. 
Mowing  or  reraovbg  ^egc- 
tattoo. 

Renrictiom  placed  on  (be 
entry  or  exit  of  certain  produces* 
Release  of  sterilized  arthropods. 
Installation  of  windscreen 
but  friers. 

PtStprooCing  building*. 
Establishment  of  proper  slope 
to  aJIow  drainage. 
Detention   in  isolation  for 
observation/  * 
Rubbish  removal 
Placement  of  traps. 
Regulated  indoor  temperatures. 


Applied  Controls 
1-  Legal 

2.  Biological 

3.  Construction  and 
maintenance 

4.  Mechanical ' 

5.  Sanitation 

6.  Chemical 


224,  Given  pest  management  situations,  identify  the 
■dispersal  method  to  be  used  in  each  situation. 


Pesticide  Dispersal  Methods.  Although  several 
basic  methods  exist  for  the  dispersal  of  pesticides,  one 
method  is  usually  better  fora  specific  control  situation 
than  any  other.  The  ability  to  select  the  best  method 
requires  a  thorough  understanding  of  the  basic 
principles  involved.  The  basic  principles  of  chemical 
control  methods  most  commonly  used  are  described 
below.  | 

Fumigating.  Fumigation  is  the  use  of  gaseous 
poisons  (fumigants)  to  kill  planj^  and  animal  j^ests. 
The  lethal  (deadly)  activity  of  fumigants  depends  on 
their  being  drawn  into  the  body  through  the  respira- 
tory system.  Because  of  their  extremely  small  particle 
size,  fumigants  must  be  used  in  airtight  or  nearly 
airtight  spaces.  This  is  necessary  to  prevent  dissipation 
before  an  adequate  exposure  period  elapses. 

Fumigation  includes  the  use  of  vacuum  chambers  at 
major  supply  depots,  the  use  of  calcium  cyanide  for 
fumigating  rodent  burrows,  the  use  of  paradichloro- 
benzene  fPDB)  or  naphthalene  for  the  protection  of 
clothing,  and  the  limited  use  of  methyl  bromide  in 
atmospheric  fumigation  bag?  and  chambers. 

Hydrogen  phosphide  fumigation  has  recently  been 
introduced  and  employed  by  the  Armed  Forces  using 
aluminum  phosphide  fumigant.  This  is  extremely 


beneficial  for  in-transit  fumigation  of  stored  foods  to 
rid  the  commodities  of  stored-food  pests  and  has  taken 
the  place  of  many  fumigants  in  in- place  fumigation.  Mi. 

Although  structural  fumigation  is  most  often  w 
accomplished  by  contract,  you  should  be  aware  that 
methyl  bromide  and  sulfuryl  flouride  are  two  fumi- 
gants that  are  commonly, used.  ^ 

Aerosoling  (includmg fogging  and  ultrd-hw  volume 
dispersal).  Aerosols  may  be  defined  as  assemblages  of 
solid  or  liquid  particles  suspended  inair.  Based  on  the 
mode  of  production,  there  are  two  principal  types  of 
aerosols,  cold  and  thermal  Cold  aerosols  are  usually 
produced  by  combing  an  insecticidal  agent  with  a 
very  low-bo ilm^cfuid  and  discharging  it  by  its  vapor 
pressure  through  a  small  orifice  Thermal  aerosols  are 
produced  by  atomizing  a  liquid  insecticide  solution 
with,  either  hot  gases  or  superheated  steam.  This 
insecticide  dispersal  method  is  called  fogging. 

Insecticidal  fogging  is  a  method  frequently  used  to 
free  residential  areas  of  adult  mosquitoes  and  sand 
flies.  Consequently,  in  an  area  where  an  insect  popu- 
lation is  continuous  and  dominated  by  migratory 
species,  fogging  alone  is  satisfactory  if  it  is  done  on  a 
repetitive  basis.  Because  of  their  small  particle  sizes,  - 
fogs  should  be  used  when  air  movements  are  minimum 
and  the  .ground  temperature  is  cooler  than  the  air 
immediately  above  it. 

The  advantage  of  ultra-low  volume  dispersal  is  the 
capability  of  dispensing  small  volumes  of  concentrated 
pesticides*  as  an  aerosol,  over  large  areas  rather  than 
the  conventional  diluted  formulations. 

When  pesticides  are  dispersed  as  aerosols,  the  size  of 
the  panicles  range  from  0.1  to  50  microns  with  SO 
percent  of  the  panicles  being  less  than  30  microns. 

Aerosols  are  generally  used  indoors  for  controlling 
■  flying  insects  with  exception  to  the  ULV  application 
method  and  when  aerosols  are  used  for  the  purpose 
of  flushing  pests  from  their  harborages. 

The  aerosols  are  used  frequently  in  the  disinsection 
of  aircraft  to  prevent  introduction  of  pests  uncommon 
to  various  regions  of  the  world. 

Misting.  Mists  are  dispersed  pesticides  with  inter- 
mediate size  particles  ranging  in  size  from  50  to  100 
microns.  They  are  effective  methods  for  outside  space 
treatment  With  care,  they  can  be  used  to  considerable  / 
advantage  for  indoor  treatment  and,  because  of  the  / 
large  particle  sizes,  can  be  used  under  a  wider  range  of  / 
weather  conditions  than  aerosols.  Penetration  of  j 
dense  vegetation  is  less  satisfactory  with  mists  than/ 
aerosols;  however,  mists  give  more  residual  effect  than' 
aerosols.  ■  %  ■ 

Mists  can  be  used  quire  effectively  for  treating  small 
ponds,  lakes,  and  marshy  areas  in  larviciding  opera- 
tions because  the  particles  will  carry  much  farther  in 
the  wind  than  spray  particles.  / 

Spraying.  Spraying  is  defined  as  the  application  of 
liquid  pesticides.  However,  with  the  appearance  cf 
the  newer  methods  of  application  (aerosoJirig  and 
.misting),  spraying  is  now  confined  to  the  application 
of  Liquids  atomized  into  droplets  of  100  microns  in 
diameter.  Because  of  the  larger-  sizes,  spray  panicles 
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"fall"  our  more  rapidly  than  mist  particles;  as  a 
consequence,  sprays  are  principally  used  for  insecti- 
cide application  to  body  surfaces  or  surfaces  which 
pests  will  contact  or  ingest  at  some  later  date. 

Sprays  are  used  In  treating  food-handling  facilities 
for  applying  residuals  to  cracks  and  crevices  and  can 
also  be  used  in  applying  residuals  to  interior  and 
exterior  surfaces  of  other  base  facilities. 

Sprays  are  used  extensively  in  termite  treatment 
<  operations  such  as  sub-slab  injection,  soil  poisoning, 
trenching,  and  for  applying  herbicides  to  terrestrial 
and  aquatic  vegetative  pests. 

In  addition  to  the  uses  already  mentioned,  sprays 
cart  he  used  for  treating  sewage-trickling  filter  beds, 
and  for  applying  residuals  to  vegetation  for  controlling 
pests  of  Vegetation.  ' 

Dusting.  Dusting  is  the  dispersal  of  pesticides  in  the 
form  of  solid  particles.  Generally,  the  sizes  of  dust 
v  particles  are  practically  the  same  as  liquid  particles. 
Ousts  are  very  effective  against  crawling  insects, 
particularly  those  confined  to  limited  areas.  If  proper- 
ly applied,  dusts  are  less  hazardous  to  domestic,  plants 
and  animals  than  gaseous  and  liquid  pesticides 
because  they  are  less  readily  absorbed.  If  not  disturbed, 
dusts  retain  their  effectiveness  longer  than  liquid 
applications.  For  contact  killing,  dusts  take  longer  to 
act  than  volatile  liquid  materials;  they  do  not  adhere 
well  to  surfaces;  and  they  do  not  form  a  continuous 
layer  over  surfaces  as  liquid  applications  do. 

Dusts  shouid  be  applied  to  areas  that*  present 
electrical  hazards  such  as  electrical  panel  boxes, 
outlets*  and  motorized  equipment. 

Dusts  can  be  applied  to  indoor  and  outdoor  areas: 
however,  when  used  indoors,  they  are  generally 
applied  in  areas  where  they  cannot  be  seen  due  to  the 
unsightly  appearance.  In  outdoor  areas*  dust  are  very 
effective  in  controlling  pests  of  vegetation  and  ecto- 
parasites. 

Granulating.  Granules  or  pellets  impregnated 
with  the  desired  pesticide  has  certain  advantages  over 
dusts  Or  liquids.  They  may  be  used  to  penetrate  heavy 
vegetative  cover.  The  granular  material  is  designed  to 
liberate  the  pesticide  slowly  for  longer  lasting  effective- 
ness. Granules  have  been  used  successfully  to  release 
larvicides  and  herbicides  below  the  water  surface  for 
control  of  mosquito  larvae  and  weeds.  This  places  the 
pesticide  where  the  greatest  benefit  will  be  obtained 
and  avoids  loss  of  the  materials  by  wind  action  when 
dust  is  applied  on  the  water  surface. 

Granules  can  also  be  used  for  controlling  grubs  and 
many  other  pest  larvae  that  develop  below  the  earth 
surface  because  _pf  the  slow  dissipation  rate.  In 
addition,  granules  are  often  used  for  controlling 
vegetation  in  many  areas. 

Baiting.  Baits  can  be  prepared  as  solids  or  liquids 
and  are  generally  used  in  rodent  control  programs,. 
Baits  are  prepared  by  mixing  toxicants  with  many 
types  of  food  substances,  depending  upon  the  sub- 
stance preferred  by  the  pests  you  desire  to  control. 


In  addition  to  the  use  of  baits  for  controlling 
rodents,  baits  have  been  used  effectively  in  the  control 
of  snails;  cockroaches,  ants,  and  flies. 

When  baits  are  used  they  must  be  checked  and 
replinishcd  frequently  and  should  be  placed  in  out-of- 
the  way.  susceptible  areas. 

Miscellaneous*  Frequently,  pesticides  are  applied  in 
an  undivided  state.  The  application  of  pesticides  with 
a  paint  brush,  swab,  or  roller,  and  the  use  of  liquid 
baits  and  pesticide-soaked  bags  for  the  control  of 
mosquito  larvae,  are  common  examples  of  this 
practice. 


Exercises  (224): 

1.  The  dispersal  method  that  would  probably  be  most 
appropriate  for  treating  small  ponds  and  lakes  in 
controlling  mosquito  larvae  is  

2.  To  treat  a  large  outdoor  area  for  controlling 
crawling  insects  without  causing  harm  to  vegetation 
you  would  use  fhe  dis- 
persal method. 

3.  To  kill  stored-products  pests  within  food  com* 
modifies  the  best  dispersal  method  to  use  would 
be,  :  

4.    would  -be  used  for 

flushing  many  types  of  pests  from  their  harborages 
for  conducting  surveys  and  to  enable  a  more  rapid 
kilL 

5/  A  dispersal  method  used  in  treating  rodent  burrows 
to  provide  quick  kill  is  

6.  The  dispersal  method  that  provides  the  best 
penetration  of  heavily  vegetated  areas  is  . 

7.   requires  frequent  checks  and 

reacc  omp  lis  hmenL 


225.  Match  the  type  of  treatment  used  in  controlling 
pest  arthropods  with  the  appropriate  treatment 
description. 


Types  of  Treatments  Used  in  Controlling  Arthro- 
pods. The  type  of  treatment  to  be  implemented  for 
managing  arthropod  pests  is  a  major  determining 
factor  in  selecting  pest  management  equipment  (to  be 
discussed  in  Volume  3  of  this  CDC)  and  the  affective- 
ness  of  the  control  program. 

There  are  two  basic  types  of  treatment  These  are 
residual  treatments  and  space  treatments,  and  each  of  r 
these  basic  types  includes  several  pesticide  dispersal 
methods  which  were  discussed  in  the  previous 
objective. 

Residual  treatment  This  is  the-term  -applied  to  the 
applicatio  n  of  pesticides  that  have  the  ability  to  remain 
effective  for  several  days,  weeks,  or  months  to  surfaces 
upon  which  pests  may  feed,  rest,  or  crawl.  An  im- 
portant characteristic  of  residual  treatments  is  the  fact 
that  pests  can  be  killed  during  variable  periods  of  time 
folio  wing  application.  There  is  no  need  for  the  pests  to 


be  present  at  the  immediate  time  of  application 
because  they  will  be  killed  by  contact  or  ingestion 
whenever  they  enter  tbe  area  and  feed  or  rest  on 
treated  surfaces.  The  length  of  time  for  which  a 
residua]  treatment  will  remain  "effective  will  be  de- 
pendant upon  the  type  of  pesticide,  type  of  surface, 
exposure  to  weather  or  cleaning  operation,  dosage, 
and  many  other  factors. 

Residuals  may  be  applied  as  a  solution,  emulsion^ 
emulsifiable  concentrate,  technical  grade  pesticide, 
suspension,  dust,  or  granule  formulations  by  aerosol 
ing,  misting^  spraying,  dusting,  and  granulating 
dispersal  methods.  Another  advantage  of  . residual 
treatments  is  the  fact  that  they  can.be  used  effectively 
as  preventive  and  corrective  chemical  control  measures, 


with  a  variety  o/treatment  terms  which  are  nothing 
more  than  being  a  little  more  specific  as  to  the  method  Ky^ 
for  which  residua]  or  space  treatments  are  applied. 
Some  of  the  common 'examples  are  the  following:  ^ 

a.  Crack  and^rtv^be.  This  is  a  relatively  new  term 
that  has  evolyra  uiieferehce  to  the  type  of  treatment 
authorized  m  foop  handling  facilities.  This  type  of 
treatment  isWcafttplished  by  applying  pesticides  only 
to  cracks  and  crevices  within  a  facility.  The  purpose 
for  this  "type  pf  treatment  is  to  reduce  the  hazards 
involved  with  the  possible  contamination  of  foodand 
beverage,  items  through  the  contamination  of  food 
preparation  and  storage  areas;  cooking,  eating,  and 
drinking  utensils;  serving  lines;  and  dining  tables. 
Cracfc-and  crevice  treatment  is  normally,  accom- 


The  equipment  that  is  to  be  selected  for.residuaT~^  plished  by  using  residual  solution,  emulsion,  or  dust 


treatment  will  be  "dependent  upon  where  theTesidual 
is  to  be  applied,  the  amount  of  area  to  hi  treated,  the* 
type  of  formulation  to  be  applied,  and  the  method  in 
which  the  formulation  is  to  be  applied. 

As  an  example,  you  would  not  select  an  item  of 
manually  operated  equipment  to  treat  an  outdoor  area 
of  2  acres,  nor  would  you  select  a  large  item  of  powered 
equipment  to  treat  a  small  room. 

Some  formulations  cannot  be  used  in  certain  items 
.  of  equipment,  because  the  equipment  is  not  designed 
to  handle  the  formulation  due  to  the  effect  the  formu-" 
lation  may  have  on  the  pump:  or,  the  equipment  may 
not  have  an  agitator  that  is  required  for  certain  types 
of  formulations.        .  " 

As  an  example,  due  to  the  way  suspensions  are 
formulated,  many  are  corrosive  and  gritty,  which 
causes  damage  to  certain  types  of  pumps  contained 
on  pesticide  dispersal  equipment,  and  may  clog 
strainers,  distribution  lines,  and  nozzles:  therefore,  the 
types  of  equipment  that  can  be  used  for  applying 
suspensions  as  residuals  are  limited, , 

Space  treatment.  This  is  the  term  applied  to  the 
dispersal  of  pesticides  into  the  air.  indoors  and  out- 
doors, to  kill  pests  that  are  present  at  the  immediate 
time  of  treatment. 

Space  treatments  can  beaccomplished  with  solution 
and  emulsion  formulations  and  are  normally  dispersed^ 
as  fog  type  aerosols.  The  solution  type  formulation  is" 
preferred  tn  most  situations  because  the  additional 
solvent  provides  a  quicker  knockdown  of  flying 
insects- 

The  advantages  of  using  the  space  treaiment 
method  are  immediate  knockdown  and  kill,  rapid 
applications,  and  the  relatively  small  amount  of 
chemical  that  is  required.  This  treatment  method  is 
most  effective  indoors  where  there  is  very  little  air 
movement  which  permits  the  fine  panicles  to  remain 
suspended  within  the  air  for  longer  periods  of  time/  A 
major  disadvantage  of  this  treatment  method  is  that  it 
has  no  residual  effect,  which  means  that  it  has  no  value 
as  a  preventive  control  measure,  and  only  the  pests 
that  are  present  at  the  time  of  treatment  are  effected. 

Miscellaneous  treatments.  As  an  Air  Force  pest 
manager*  you  either  have  been,  orwill  he.  confronted 


formulations;  however,  space  treatments  can  be 
accomplished  by  applying  aerosols  into  the  cracks  and 
crevices  to  flush  or  kill  pests  that  are  harboring  in 
these  areas. 

b.  Baseboard  treatment.  This  term  is  used  in 
reference  to  the  application  of  residual  solutions  or 
emulsions  to  the  baseboards,  door  facings,  and 
comers  of  the  rooms  within  a  facility.  This  type  of 
treatment  is  veryc^mmonand  is  probably  more  often  " 
used  than-any  other  type  for  indoor  treatment  of  base 
facilities,  other  than  those  facilities  that  serve  food. . 

c-  Spot  treatment.  This  term  can  apply  to  both  the 
crack  and  crevice  treatment  and  the  baseboard  treat- 
mem  or  any  other  residuat  treatment  that  is  not  a 
complete  treatment  of  ap  entire  area.  The  spot  treat- 
ment term  is  probably  more  often  . referred  to  when 
speaking  of  aft  incomplete  treatment  o£a  facility  to 
manage  cockroaches,  termites,  ants,  and  wasps. 

d.  Vaporization.  This  term  more  often  refers  to  the 
use  of  dtchlorvos  impregnated  pellets*  ( tablets,  and 
resin  strips  for  space  treatment  of  warehouses  and 
retrograde  cargo.  This  vaporization  type  treatment 
is  a  form  of  the  fumigation  treatment  andprov  ides  the 
same  results. 

e.  Larviciding.  This  term  usually  refers  to  the 
application  of  chemicals  to  water  for  the  controf  of 
mosquito  Larvae  but  may  also  refer  to  any.such  treat- 
ment designed  to  kill  larvae  of  other  insects.  Equip- 
ment that  produces  either  a  fine  mist  or  a  coarse  spray 
may  be  used,  ^depending  upon  whether  a  heavy,  long- 
lasting  residual  -treatment,  or  a/light  application, 
which  will  kill  only  the  mosquito  larvae,  is  desired. 
Larvicjdes  may  be  applied  as'liquds  ordusts  from  the 
ground  or  air  or  may  be  added  to  the  water  by  other 
means,  such  as  drip  applicators*  pellets*  or  granules. 

/  Soil  poisoning.  The  soil  in  which  certain  insects 
live  during  ail  or  part  of  the  life  cycle  is  sometimes 
poisoned  in  attempts  to  control  damage  to  plant  roots 
or  to  prevent  emergence  of  the  adults.  A  surface 
treatment  with  a  water  emulsion  may  be  suitable  far 
insect?  living  just  under  the  soil  or  lawn  surface.  ■ 
Deeper  penetration  is  often  difficult  to  obtain  in  some 
soils  and  may  not  be  satisfactory.  Termite  soil  poison- 
ing requires  great  thoroughness  in  application  and 
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several  types  of  equipment  have  beengievised  for  this 
purpose.  Large  quantities  of  dilute  formulations 
applied  as  coarse  sprays  are  normally  used  in  soil 
poisoning. 

(1)  Sub-slab  injection.  This  term  is  often  used  to 
denote  the  type  of  treatment  employed  in  poisoning 
the  soil  beneath  buildings  that  have  concrete  flooring 
that  rests  directly  on  the  soil  surface, 

(2)  Rotiding,  This  term  also  applies  to  soil  poison- 
ing-and  is  often  used  in  reference  to  the  insertion  of 
perforated  jointed  pipe  tubings  directly  beneath 
flooring  and  above  the  soil  surface  to  treat  the  soil 
beneath  buildings  as  preventive  or  corrective  control 
measures  for  termites. 

£,  Baking,  The  use  of  poison  baits  is  one  of  the 
oldest  methods  of  pest  control.  The  treatment  of 
foil&ge  upon  which  'insects  feed,  with  chemicals  that 
kill  by  stomach  poison  action,  is  another  old  and 
common  method  of  treatment*  Success  with  this 
method  depends  upon  thorough  coverage  of  the  leaved 
with  the  insecticide.  Dilute  formulations,  containing 
spreaders  and  stickers,  applied  as  coarse  sprays  were 
used  originally,  but  in  recent  years  there  has  been  a 
very  great  increase  in  application  of  concentrated 
formulations  as  mists  with  many  types  and  sizes  of 
mist  blowers, 

fu  Systemic  poisoning.  The  most  recent  develop- 
ment  in  the  control  of  plant  feeders  is  the  systematic 
poison.  That  is,  a  chemical  is  taken  up  by  the  plant  and 
distributed  throughout  the  plant  tissues.  This  is 
particularly  effective  against  sucking  insects  that  do 
not  feed  on  the  leaf  surfaces.  The  same  principle  has 
been  applied  to  the  control  of  ectoparasites  on  animals 
by  feeding  chemicals  that  are  harmless  to  the  bost  but 
kill  the  bloodsucking  parasites. 


Exercises  (225): 

Match  column  A  and  column  B. 


*  Column  A  Column  3 

  L  >0o  valutas  preventative  control,  a.  Residual  treatment 

 .  2  Provides  preventative  and  cor-  b.  Space  treatment 

nrcuve  chemical  control. 
  3.  Effectiveness  dependent  upon 

type  of  surface, 
  4.  Normally  dispersed  in  fog  type 

  5.  Rapid  application  and  irntT» 

diate  extermination. " 
  6.  Equipment    used  dependent 

upon  area  of  application. 

-  7.  Use  o  f  a  mail  amounts  of  chemi- 

cals, 

-  8-  Insects  do  not  have  to  be  present 

at  time  . of  application  to  be 

effective. 

 9.  Baseboard  treatment. 

  10.  Spot  treatment 

  II.  Larvicidicfi. 

  IX  Soil  poisoning, 

  13,  Bahing. 

 14.  Systemic 

  15.  Vaporization. 


226*  Match  tbe  type  of  treatment  used  in  eootntiUog 
pest  vegetation  frith  the  appropriate  treatment 
description*  t 


Types  of  Treatments  Used  in  Controlling  Vege- 
tation. The  type  of  treatment  that  is  to  be  implemented 
for  managing  pest  vegetation  is  also  a  determining^ 
factor  in  the  selection  of  pest  management  equipment 
and  tbe  effectiveness  of  the  control  program-  ^ 

Pest  vegetation  is  chemically  controlled  by  applying 
herbicides  directly  to  foilage,  soil,  and  water,  and 
the  application  method  depends  upon  the  types  and 
locations  of  the  vegetation  to  be  controlled, 

Foilage  treatment.  This  type  of  treatment  is  used 
to  control  existing  vegetation  by  applying  jbc 
chemical  directly  to  the  top  growth  as  contact  sprays 
which  produce  burning  of  plant  tissues  or  affects  the 
growth  of  hormones  within  the  plant 

Basal-bark  treatment.  This  term  applies  to  the 
application  of  herbicides  to  the  base  of  tree  trunks 
and  stems  that  are  6  inches  or  less  in  diameter.  This 
type  of  treatment  is  well  suited  for  uncut  brush  and 
regrowth  from  cut  brush  or  trees,  and  particularly 
for  selective  control. 

Stump  treatment.  This  type  of  treatment  is  made  to 
freshly  cut  stumps  by  saturating  the  top  and  aU  sides  of 
the  stump  to  the  ground  line  and  aU  exposed  roots  with 
an  approved  herbicide. 

Cut-surface*  treatment.  This  type  of  treatment 
includes  the  application  of  herbicides  to  frills,  girdles, 
cups,  or  notches  that  have  been  made  to  individual 
trees. 

Treatments  to  frills  and  girdles  should  be  accom- 
plished by  using  a  liquid  herbicide  formulation;  how* 
ever,  when  treatments  are  to  be  made  to  cups  and 
notches,  the  herbicide  formulation  should  be  crystalline. 

Soil  ireatmenv  This  type  of  treatment  is  used  to 
apply  herbicides  around  the  base  of  grasses,  tires,  and 
brush  when  it  is  desired  that  the  chemical  be  absorbed 
through  the  roots.  This  type  of  treatment  can  be 
selective  or  nonselective  in  form  and  can  be  accom- 
plished as  a  preemergence  or  post  emergence  treatment 

a.  Selective  treatment.  This  term  ts  used  when 
herbicides  are  applied  to  control  specific  types  of 
vegetation  without  harming  other  vegetation  that  may 
be  mixed  in  with  or  within  the  immediate  vicinity  of 
the  vegetation  to  be  controlled.  This  type  of  treatment 
is  commonly  used  to  control  undesirable  vegetation 
that  exists  in  established  turf  grasses,  such  as  lawns, 
golf  courses,  and  parade  grounds. 

b.  Nonselective  treatment.  This  term  ts  used  to  ' 
denote  the  application  of  herbicides  to  kill  all  vege- 
tation within  a  specific  area.  This  type  of  treatment  is 
commonly  used  to  control  vegetation  along  side 
roadways,  railroads,  and  fence  rows;  beneath  utility 
lines;  and  around  storm  drains*  culverts,  utility  poles, 
and  sign  posts. 

r„  Preemergence  treatment,  As  the  rerrn  implies, 
this  type  of  treatment  is  performed  to  prevent  seed 
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germination,  thereby  preventing  the  establishment 
of  vegetation. 

d.  Postemergencc  treatment.  This  term  is  used 
when  herbicides  are  applied  to  control  vegetation  thai 
has  already  become  established. 

Ditchbank  treatment*  This  term  is  often  used  to 
distinguish  the  type  of  applications  being  made  to 
irrigation  and  drainage  systems.  This,  as  the  term 
implies,  means  that  herbicides  are  only  being  applied 
to  the  sloped  sides /anfrnot  in  the  bottom  of  the 
irrigation  and  drainage  systems. 


Exercises  (226): 

Match  column  A  with  column  B_ 


Cefantri  A  Column  B 

;  5recnp/rcw  Type  of  Trtauntm 

t-  Freemergpaee  to  prevent  seed  a_  Foliage 

b.  BasaKtart 
2  Applied  to  freshly  cut  stumps*     c  Stump 
3.  Applied  to  drainage  systems.      d-  Cut  surface 
.     Crystalline  formulation  applied  c  Soil 

10  notches.  L  Ditchbank 

,  5.  Applied  to  top  growth. 
6.  Applied  lo  base  of  trunk: 


227.  list  factors  that  may  determine  requirements  for 
conducting  research  and  identify  the  methods  for 
rendering  assistance  En  each  situation. 


Pest  Management  Research.  Your  participation  in 
research  activities  will  most  likely  be  very  limited 
because  most  research  programs  are  conducted  by 
other  agencies.  However,  you  .may  be  requested  to 
participate  in  certain  phases  of  pest  management 
research.  In  any  case,  before  you  become  involved, 
insure  that  all  requests  have  been  approved  through 
proper  Air  Force  channels. 

Pesticide  resistance.  This  is  an  increasing  problem 
for  pest  managers  everywhere  and  your  participation 
in  determining  actual  resistance  of  pests  to  pesticides 
may  involve  nothing  more  than  insuring  that  you  have 
prepared  and  applied  the  pesticide  accurately. 
However,  you  may  be  requested  to  collect  live  speci- 
mens and  ship  them  to  a  scientific  laboratory  so  that 
professionals  can  conduct  further  research  with  the 
specimens  to  determine  if  lhey  are  actually  a  resistant 
strain. 

Effects  and  effectiveness  of  pesticides.  Intense 
research  is  conducted  on  all  pesticides  by  their 
manufacturer  prior  to  being  placed  on  the  market  for 
purchase,  but  the  only  true  way  to  determine  the  actual 
effect  and  effectiveness  of  the  product  is  for  it  to  be 
used  in  many  situations  and  environments.  To  do  this, 
you  may  be  requested  to  use  an  unproven  product  in 
con i rolled  situations  with  furnished  guidelines  for  you 
to  monitor  and  annotate  the  effects  and  effectiveness. 


Your  findings  in  this  research  is  forwarded  to  the 
appropriate  agency  where  other  findings  are, collected 
and  evaluated.  If  the  product  meets  Federal  require- 
mentSjjt  is  then  approved  and  can  be  placed  on  the 
market. 

The  same  procedures  used  in  determining  the  effects 
and  effectiveness  of  pesticides  may  be  requested  of  you 
for  determining  the  'effects  and  effectiveness  of  new 
pest  management  techniques  and  equipment. 


Exercises  (227): 

1.  List  in  the  order  discussed  the  factors  that  may 
cause  you  to  become  involved  in  research. 


2r  Explain  your  involvement  in  conducting  research 
for  each  of  the  factors  you  listed  previously,  and  in 
the  order  listed. 


2-4.  Records  and  Reports 

The  success  and  continuity  of  a  sound  pest  manage- 
ment program  is  determined  by  the  availability  of 
accurate  operational  records  and  reports.  Timeliness 
of  control  measures,  justifiable  estimates  of  funds  and 
personnel  needs,  and  concise  requirements  for  supplies 
and  equipment  can  only  be  available  by  regularly 
maintaining  adequate  records.  Work  accomplished 
and  results  achieved  must  also  be  uniformly  measured 
and  periodically  compiled  to  provide  a  sound  basis 
of  support  for  the  value  of  preventive  control  actions. 

This  section  is  devoted  to  identifying  records  and 
reports  directly  related  to  operational  pest  manage- 
ment programs  that  are  required  to  be  maintained  by 
pest  management  personnel  and  to  providing  main* 
te nance  instructions  for  each. 


228.  Sute  the  purpose  and  use  of  AF  Form  483  and 
specify  the  information  necessary  to  obtain  the  form. 

AF  Form  483,  Certificate  of  Competency.  As 
outlined  in  AFR  91-21  and  AFM  91-16.  all  personnel 
engaged  in  direct  field  supervision  of  pest  management 
operations  or  those  who  operate  independently  of 
direct  supervision  must  be  technically  competent 
and  thoroughly  familiar  with  ail  phases  of  pest 
management  that  is  being  performed. 

Purpose.  The  purpose  for  this  form  is  to  identify 
individuals  who  have  proven  they  are  competent  in 
handling  pesticides  in  accordance  with  Federal  laws 
and  to  insure  that  they  are  aware  of.  and  knowledge- 
able of,  current  policies  relating  to  all  phases  of  pest 
management. 

Obtaining  an  AF  Form  4S3.  When  an  individual  has 
demonstrated  the  technical  knowledge  and  ability  in 
pest  management  operations,  a  letter  or  request  for 
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certification  or  recertification  is  forwarded  through 
proper  channels  to  the  designated  certifying  official 
When  requesting  initiai  certification  for  an  individ- 
ual the  body  of  the  letter  should  contain  the  following 
information: 

•  Category^) f  certification  requested. 

•  Name  of  individuaL-tlast  name  *  first  name  * 
middle  initial).  —  

•  Rank/grade. 

.  *  Social  security  number. 

•  Training  accomplishments  within  the  career  field . 

•  Length  of  time  performed  in  the  career  field. 

This  letter  should  be  signed  by  the  Base  Civil 
Engineer,  and  copies  of  recent  training  certificates 
related  to  pest  management  received  by  the  individual 
should  be  forwarded  as  attachments  with  the  letter. 

Recertification  of  individuals  who  presently  hold  a 
certificate  of  competency  is  required  every  2  years  if 
performing  in  either  of  the  capacities  previously 
mentioned. 

Requests  for  recertification  are  prepared  and 
processed  in  the  same  manner  as  for  certification,  with 
only  the  contents  of  the  letter  body  changed  to  provide 
the  following  information: 

•  Category  of  certification  requested. 

•  Name  of  individual  (last  name  -  first  name  - 
middle  initial). 

•  Rank. 

•  Social  securiry  number. 

•  Present  certification  number  and  expiration  date* 

•  Recent  career  field  training  accomplishments. 

Upon  receipt  of  certification  or  recertification 
request,  the  certifying  official  will  make  the  determina- 
tion as  to  approve  or  disapprove  the  request  If  the 
request  is  approved  on  its  own  merits,  a  certificate  of 
competency  will  be  forwarded  to  the  individual; 
however*  if  the  certifying  official  needs  further 
justification,  instructions  identifying  additional 
actions  to  be  taken  will  be  forwarded. 

Beginning  J  October  19 77^  testing  will  be  required  of 
all  individuals  desiring  initial  certification  or  re- 
certification in  order  to  comply  with  Public  Law 
92-516.  Bsderal  Environmental  Pesticide  Control  Act 
(FEPCA)  of  1971 

A  rosier  listing  each  certified  individual,  certifica- 
tion number,  and  expiration  date  must  be  maintained 
within  civil  engineering  to  act  as  a  reminder  and  to 
identify  certified^individuals  to  other  concerned 
individuals. 


Exercises  (228): 

1.  What  individuals  must  possess  an  AF  Form  483. 
Certificate  of  Competency? 


Z  All  mdivtduals  who  disperse  pesticides  must  be 
recertified  every  


3.  State  the  purpose  of  AF  Form  483. 

4,  The  roster  that  identifies  all  personnel  who  possess 
an  AF  Form  483  .in  pest  management  sections,  is 
maintained  in  * 


5.  When  an  individual  is  thought  to  be  properly  . 
prepared  to  be  certified,  what  is  the  first  step  to  be 
taken  to  obtain  certification? 


6,  List  the  information  that  must  be  provided  in 
requesting  initial  certification. 


229.  State  the  purpose,  use,  and  disposition  of  AF 
Form  2467. 


AF  Form  2467,  pest  Control  Historical  Record* 
This  form  must  be  maintained  on  all-major  facilities 
that  require  repetitive  applications  of  pesticides,  such 
as  dining  halls  and  cafeterias.  The  use  of  this  form 
should  not  be  considered  restricted  to  dining  halls  and 
cafeterias  only,  because  it  should  be  maintained  on 
each  facility  or  area  that  has  required  frequent  pesti- 
cide applications. 

Purpose.  The  primary  purpose  of  this  form  is  to 
maintain  a  record  of  pest  problems  and  the  types  of 
pesticides  applied  to  manage  the  pests  within  a  par- 
ticular facility  to  determine  whether  variations  in 
pesticides  are  needed  to  avoid  resistance  to  pesticides. 

The  AF  Form  2467  must  be  completed  each  time 
pesticides  are  applied  to  the  type  of  facility  or  area 
previously  identified.  Figure  2-23  shows  an  example 
of  the  AF  Form  2467  and  the  type  of  information 
entered  in  each  of  the.  blocks. 

U  is  Suggested  that  an  AF  Form  2467  be  maintained 
for  each  facility  on  the  installation.  This  will  provide 
a  complete  record  of  pesticide  treatment  for  each 
facility,  identify  the  individual  who  performed,  each 
treatment,  and  serve1  as  proof  of  treatment  when 
signed  by  an  occupant  of  the  facility.  This  will  elimi- 
nate the  need  of  producing  and  reproducing  local 
forms  or  logs  that  serve  the  same  purpose. 

Disposition*  When  both  sides  of  the  form  have  been 
completed,  initiate  a  new  form  and  transcribe  the 
information  contained  in  blocks  I  through  4  of  the 
completed  form  to  the  new  one;  Ale  the  completed 
form  behind  the  new  form.  These  forms  must  be 
maintained  on  file  for  a  period  of  5  years;  therefore, 
a  card  cannot  be  destroyed  until  the  last  entry  made  on 
the  form  exceeds  5  years. 
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Figure  2-23.  AF  Form  2467,  Ptst  Control  Historical  Record. 


Exercise  (229): 

L  The  AF  Form  2467  is  required  to  be  maintained  on 
all  major  facilities  that  


230-  State  the  purpose,  use,  and  disposition  of  the  DD 
Form  1070  and  complete  the  form  that  Is  provided 
from  information  contained  in  a  given  situation. 


Z  The  primary  purpose  for  maintaining  an  AF  Form 
2467  on  each  major  facility  is  to  prevent  pests  from 
becoming  


What  is  the  frequency  for  recording  information 
pertaining  to  the  treatment  ofaniajor  facility  onan 
AF  Form  2467? 


4T  List  the  suggested  reasons  for  maintaining  an  AF 
Form  2467  on  each  facility. 


When  can  AF  Form  2467  with  the  last  entry  date  of 
15  November  1974  be  destroved? 


DD  Form  1070*  Termite  and  Wood  Decay  Inspec- 
tion. A  DD  Form  1070  must  be  maintained  for  each 
facility  that  is  constructed  completely  or  partly  of 
wood  on  all  Federal  installations.  This  includes 
virtually  all  facilities,  regardless  of  preventive  measures 
used  in  the  construction, 

Purpose.  Each  facility  that  is  constructed  complete- 
ly or  partly  of  wood  must  be  inspected  fcr  signs 
indicating  the  presence  of  structural  pests  and  con- 
ditions within  and  around  the  facility  that  would  be 
conducive  to  structural  pests-  These  inspections  must 
be  accomplished  no  less  often  than  annuollyfor  each 
facility  and  should  be  inspected  at  least  semiannually. 
lfcis  form  serves  as  a  record  of  these  inspections  and 
provides  information  pertaining  to  building  conditions 
and  actions  taken. 

Complexion  procedures*  The  DD  Form  1070  is 
shown  in  figure  2*24  with  entries  provided  to  illustrate 
[is  use.  This  form  is  not  difficult  to  fill  in;  but,  you  must 
insure  that  the  entries  made  on  the  form  indicate  true 
conditions  found  during  the  inspection  of  the  facility. 
You  must  also  insure  that  recommendations  are 
annotated  correctly,  and  when  recommendations,  or 
other  actions  have  been  accomplished,  the  form  must 
be  annotated  to  reflect  these  actions. 
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Figure  2-24  DD  Form  1070,  Termite  and  Wood  Decay  Inspection. 
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Looking  at  figure  yon  will  notice  that  the  top 
portion  is  used  to  identify  the  nnmber*  type*  and 
location  of  the  facility;  the  date  of  the  inspection;  and 
(he  inspector's  name.  If  you  happen  to  be  the  inspector* 
yon  are  responsible  for  the  infojnnation  entered  ornot 
entered  on  this  form;  therefore;  the  true  conditions 
found  inside;  outside;  and  beneath  a  facility  must  be 
accurately  and  completely  recorded, 

Part  I  is  used  to  indicate  conditions  within  and 
around  the  facility  that  arc  conducive  to  structural 
pests'  infestations.  As  an  example,  Xs  have  been 
placed  in  this  part  to  identify  the  conditions  fonnd 
during  an  inspection  condncted  on  a  facility,  and  an 
additional  cominent  has  been  entered  in  the  block 
identified  as  "other." 

Fan  II  is  used  to  identify  the  location  where  struc- 
tural pests  are  actually  fonnd  during  the  time  of  the 
inspection.  If  you  will  observe;  no  Xs  have  been  placed 
in  any  of  the  blocks  in  this  part  which  indicates  there 
were  no  structural  pests  present  at  the  time  the  inspec- 
tion was  conducted. 

Parts  III  and  rv  are  used  to  identify  the  type  of 
termite  and  fungi,  respectively*  found  during  the 
inspection.  Since  there  were  no  termites  or  fungi 
observed,  no  entries  were  made  in  any  of  the  blocks 
in  either  of  these  parts. 

If  termites  or  fungi  had  been  observed,  then  part  V 
would  have  been  used  to  identify  the  type  of  damage 
incurred  by  the  pests  and  the  estimated  cost  of  the 
damage. 

Part  VI  is  used  to  reflect,  repair  and  treatment 
recommendations  and  the  actual  accomplishment  bf 
recommendations-  Still  looking  at  figure  2-24,  observe 
the  entries  in  part  VI  and  compare  them  with  the 
entries  in  part  I_  Mote  that  part  Vt  should  reflect 
recommendations  to  correct  the  conditions  annotated 
in  parr  1  in  all  possible  situations,  as  has  been  done  in 
the  illustration  provided.  It  is  the  inspector's  responsi- 
bility to  initiate  action  to  accomplish  recommenda- 
tions by  initiating  service  calls  and/or  job  orders  as 
applicable. 

As  you  can  see.  an  asterisk  has  been  placed  in  the 
portion  identified  as  "Other**  to  denote  that  additional 
recommendations  are  identified  elsewhere  on  the  form 
(in  this  case,  on  the  bottom)  dnc  to  the  lack  of  sufficient 
space.  These  additional  recommendations  are  used  to 
further  support  the  findings  identified  in  part  1.  Note 
footnote  nnmber  3.  This  was  added  as  a  recommenda- 
tion to  correct  the  situation  identified  in  part  I  in 
reference  to  **no  shields  on  foundation.™  Since  it  wonid 
be  almost  impossible  and  very  impractical  to  install 
termite  shields  after  the  bnildtng  has  already  been 
constructed,  the  most  practical  thing  to  do  is  treat  the 
soil  on  both  sides  of  the  foundation,  if  not  previously 
accomplished,  which  applies  in  this  situation. 


Upon  completion  of  each  recommended  addon,  the 
form  must  be  annotated  in  pan  VI  to  reflect  the  actual 
-  accomplishment  of  recommended  actions. 

Part  VII  is  used  to  identify  the.type,  quantity,  and 
method  of  chemical  control  implemented  to  manage 
termites  and/or  fungi,  and- is  also  used  to  identify 
measures  taken  to  correct  damaged  portions  of  the 
facility. 

As  yon  have  probably  noticed  in  viewing  figure 
2-24,  entries  have  been  made  to  indicate  that  soil 
poisoning  was  accomplished  and  that  chlordane  was 
applied  to  a  trench  1  foot  in  depth  and  900  linear  feet. 

Part  VTIIis  used  to  identify  the  cost  of  accomplish- 
ing recommended  actions.  Entries  are  made  to  reflect 
th  c  cost  of  materials,  Labor,  and  other  p  ossible  expen- 
ditures as  shown  in  the  illustration- 
Part  IX  is  used  to  identify  the  dafe  thai  chemical 
treatment  was  accomplished  and  the  person  who  was 
responsible  for  the  treatment. 

This  information  is  entered  in  the  bottom  blocks  as 
shown  in  figure  2*24.  The  remaining  blocks  in  this 
part  arc  used  for  inspections  accomplished  after  treat- 
ment to  record  treatment  effectiveness. 

Disposition,  As  ontlined  in  AFM  12-30,  Table 
9U5;  DD  Forms  1070  for,  each  type  of  facility  pre- 
viously described  must  be  maintained  indefinitely  and 
must  not  be  destroyed  unless  building  is  disposed  of 
or  installation  'is  inactivated  and  dropped  from  real 
property  accounts. 

Exercises  (230): 

J.  What  facilities  require  that  a  DD  Form  1070  be 
maintained? 


1  How  often  must  facilities  be  inspected? 


3.  Whal  is  the  purpose  of  the  DD  Form  1070? 


4:  When  can  the  DD  Form  1070  be  destroyed? 


5.  Using  the  illustrated  DD  Form  1070  that  is  pro- 
vided in  figure  2-25,  properly  complete  the  form  by 
entering  the  appropriate  information  provided 
below  in  the  applicable  spaces  on  the  form 
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Figure  5*25.  DO  Form  1070.  Termite  and  Wood  Decay  Inspection  (objeciive  22ft.  exercise  S)L 
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On  14  January  1977,  Building  302  at  Mitchell 
AFB  was  inspected  for  termite  and  wood  decay  by 
Self  Alone.  This  building  happens  to  be  a  perma- 
nent building  but  is  several  years  old. 

The  inspection  revealed  superficial  damage  to 
the  rafters  caused  by  dry-wood  termites  that  had 
entered  through  deteriorated  screens  over  the  attic 
vents.  There  were  no  other  conditions  favoring 
termite  or  fungi  infestation. 

Alter  a  thorough  inspection4  and  extreme  con- 
sideration, it  was  determined  that  the  screens  for 
the  vents  must  be  replaced  and  the  rafters  injected 
with  pentachloro phenol  to  arrest  further  damage. 

The  total  cost  of  corrective  measures  was  S330. 
The  screen  and  chemical  cost  $T3,  and  a  special 
-  item  of  equipment  to  do  the  job  cost  53a 

After  tbe  treatment  was  performed  it  was  re- 
inspected  on  1?  January  1977  by  Self  Along,  who  is 
the  section  supervisor. 


231.  Provided  with  applicable  information  concerning 
the  AF  Form  290  arid  a  case  situation, 'stated  com- 
pletion procedures  and  purpose  of  the  AF  Form  290 
and  complete  the  form  that  is  provided. 

AF  Form  290+  Transcript  for  Pest  Report.  As 
outlined  in  AFR  91-21,  this  report  is  to  be  prepared 
on  a  daily  basis  by  pest  management  personnel. 

Purpose.  The  AF  Form  290  (fig*  2-26)  is  used  for 
recording  daily  pest  management  activities  and  is  the 
source  document  for  creating  a  Pest  File,  which  is  used 
to  provide  a  complete  record  of  all  preventive  and 
corrective  pest  management  programs. 

Completion  procedures.  Preparation  of  the  AF 
Form  290  is  aa=omplxshed  by  transcribing  longhand 
information  pertaining  to  pest  management  activities 
into  codes  and  abbreviations  on  a  daily  basis  to 
provide  keypunch  capability. 

For  installations  that  utilize  the  B35pO  computer 
system,  which  is  the  majority  of  installations,  instruc- 
tions for  completing  the  AF  Form  290  are  provided  in 
AFR91-2L  Pest  Management Programs:W¥H  171- 
,  200,  The  Base  Engineer  Automated  Mimagernem 
System:  and  AFM  500-4.  Data  Elements  and  Codes- 
Codes  and  specificinstnictions  are.containedi  in  AFM 
Volumes  IV,  VI,  and  XII  and  AFM  171-200. 
Part  10.  \ 

This  portion  of  the  CDC  should  give  you  a  better 
understanding  of  the  procedures  used  in  completing 
the  AF  Form  290*  for  use  with  the  B35O0  computer 
system,  bv  combining  information  extracted')  from 
AFR  91  21  and  AFM  300-4.  \ 

The  Information  entered  on  this  form  must  reflect 
all  pest  management  activities  accomplished  within  a 
day*s  time.  Normally*  individual  activities  arc  re- 
corded on  AF  Forms  2467  or  in  a  log  book;  then  at  the 
end  of  the  day  ttiese  activities  are  categorically  sepa- 
rated and  compiled.  This  compiled  information  is  then 
transcribed  onto  the  AF  Form  290. 


Since  the  information  contained  on  this  form  is  used 
for  keypunch  operations,  the  information  must  be 
coded  and  separated  into  three  sections  which  identic 
the  information  as  pertaining  to  Pest  Control  Opera- 
tions, Pest  Surveys,  or  Herbicide  Control 

This  coded  information  is  then  keypunched  onto 
cards  identified  as  Pest  detail  cards  (1/80,  2/80,  and 
3/80).  The  Pest  detail  card  1/80  is  the  Pest  control 
operation  card  that  contains  al  tbe  information  per- 
taining to  arthropod  pest  control  operations  except 
for  the  hours  spent  on  surveys'.  The  PEST  detail  card 
2/80  is  the  Pest  Purvey  card  which  reflects  the  hours 
expended  conducting  surveys  during  a  day's  time.  The 
PEST  detail  card  3/80,  herbicide  control  card,  con- 
tains ail  information  pertaining  to  herbicide  control 
operations  with  the  exception  of  the  hours  expended 
on  surveys. 

In  order  to  show  how'  the  information  concerning 
daily  pest  management  activities  is  transcribed  and 
entered  on  a  typical  AF  Form 290t  a  case  situation  wfll 
be  utilized  and  illustrations  of  the  handscribed  infor- 
mation for  tbe  situation  will  be  provided 


Case  Situation  2*4  * 
Oct  12  January  1977,  you  and  anotber  pest  manager  within  uk 
section  conducted  a  fogging  operation  to  control  adult  mosquitoes. 
During  t&b  operation,  you  fogged  SO  acres  of  the  itcsraflatioa  using 
240  gallons  of  a  6-percent  malaxhion-oil  solution*  This  solution  was 
prepared  from  a  57-percent  E/C  (emulsifiabk  concentrate)  tnata- 
tiiion  and  a  number  4  grade  fuel  oil  Fogging  the  50  acres  cook  6 
hours,  which  means  that  a  total  of  34  hours  was  expended  during  tbe 
actual  performance;  and  prior  to  this.  3  hours  were  expended  in 
conducting  surveys. 


*  Refer  to  figure  2-26  and  study  it  carefully,  because 
this  illustration  of  the  completed  AF  Form  290 will  be 
utilized  throughout  this  unit  of  instruction.  Note  tbe 
manner  in  which  the  form  is  separated  into  data 
elements  to  identify  the  information  (pest  name,  pest 
control  operation,  eta)  that  is  entered  in  the  columns 
below  the  data  element 

.  Since  portions  of  the  information  contained  in  the 
case  situation  must  be  coded,  as  previously  stated, 
codes  have  been  extracted  from  AFM  300-4  and  are 
provided  to  you  in  tables  2-1  through  2-3* 

Loo  king  at  figure  2-26,  you  can  see  that  thefirstdata 
element  to  be  entered  on  this  form  is  the  Pest  Name, 
The  pest  that  was  identified  in  the  case  situation  was 
adult  mosquitoes:  therefore,  referring  to  table  2-1. 
you  can  see  that  adult  mosquitoes  are  identified  by  the 
data  code  DVMS  L  This  code  is  entered  in  columns  1 
through  5  on  the  AF  Form  290, 

The  next  data  element  to  be  entered  is  the  Pest 
Control  Operation,  which  -was  identified  as  a  fogging 
operation  to  control  adult  mosquitoes.  Scanning  over 
the  pest  control  operation  data  codes  provided  in  table 
2-2*  you  will  find  the  pest  control  operation  Adulti- 
ciding  Fog  is  identified  by  the  data  code  ADFG.  This 
code  has  been  entered  in  columns  6  through  9  on  the 
illustrated  AF  Form  290. 
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Figure  2-26,  AF  Form  290+  Transcript  for  Pert  Report  (example  of  pcsi  control-operation  entries). 
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BLE2-1  : 
Data  codes 


Dim  Codes 

AVB3& 
*VBR0 

.  AVSH0 
AVTSfl 


DVDG2  ' 

DVBGJ 

DVBG4 

DVBG5 

DVBC6 

DVF31 
DVFB2 
DVFB3 

DTTFTM 
DVTK5 

DVM51 
DVM52 
DV2Z0 

MPBD0 

MPRS1 

MPHCS 
MPSStf 
MP2Z* 

SrPAtffl 

- NPGK0 

ttPFSf* 
NPZZ0 

SPFA0 
SpFFfl 

SPFVf) 

SPGC* 


Dan  items  and  Eapt  nations: 
Attacking  Vegetatfc*}  Praia 

Bark  Beetles 

Borers 

Defoliator*  ud  rJmc«-Sucktac' 
$oiI  ma  Stoat  Iafestffcg  / 
T*ig3ttJ  Sttff  QLrdLer*/ 
Disease  Vector  Posts  l 
Bugs  ■/ 

Bedbugs  f 

Cockroaches 

Lie* 
Mites 

Ticks 

Fliei*B»tLng 

Block  ' 

CtlHcoide*  : 

Phlebotomus' 

Stable  ^-i 

Tabssid 
Files- NonbttLiig 

Blow 

Heuse-AdaLt 

H£7ut**~Larval 

Midges  and  QiATS 

FaychodW 
Mosquito** 

AdUlt 

Larvae 
Other  Disease  Vector  Peats 
Miscellaneous  Pests 

Bircto  / 
Nematodes  / 

,      Rodent*  / 
Vice 
Rate  s 

Otner  / 
Snails  and  Slugs 

Other  / 
Neisance  Pe*ta 

Ants 

Grouts 
"  Earwigs  / 

Ftirebrats  and  Silverf ash 

Other  .  / 
Stored  Products  lns««t«     ./  * 

Pests  erf  Food  erf  Animal  Oriffttl 

Pnis  erf  Fibers  and  Fabrics  of  Animal  Origin 
'  Pests  o*  Legume*.  Cried  Fruits,  and 
Vegetables 

Pests  <4  Grains  and  Cereal  Products 
Structural  3Fes(s 

Marine  Borers  : 


Data  Item  Name 

BARKS  £ET3 
BORERS 
DEfOLJXJSU 
SOIL -ROOT 
TW1G-5TEM 


BEDBUGS 

COCKROACH 

FLEAS 

LICE 

MITES 

TICKS 

BLACK-FLY 

CULICOIDE 

PHLXSOTCM 

5TABLEFLY 

TAOANLD 

BLOW-FLY 
H- ADULT 
H-  LARVAL 
MIDGEGNM' 
PSYCHODID 

M06ADULT 
tfOSLAHVA 

BIRDS 

NEMATODCS 

MICE 
RATS 

OTKRODHNT 
SNAILS  LUG 
OMISCFEST 

ANTS 

CRICKETS  - 

EARWIGS 

F1BH5ILFH 


FODANIOR1 
F1BFABAKI  , 

LBGFROVECj 
ORAlNCZAL  f 


Crustaceans 

CRUSTACEA. 

STM&2 

Molluscs  r 

MOLLUSCS  ; 

STOWIJ 

'  Other  Wooi  Destroying  Insects 

OWDDiSBCT 

STEBfl 

Powder  Post  Beetles 

PDPTBEETS 

3TPP* 

Ptjflfder  Poal  Borers 

PDFTBOREft 

Termites 

STTM1  ' 

CampvOOd 

DAMPWOQD 

3TTM2 

DRYWOOD, 

STTM3 

Subterranean 

SUBTTEHRAN 

STWEfl 

Wc»d  Destroying  Fun  pi 

Venomous  Arthropods 

VACP9 

Centipedes 

CENTIPEDE 

Scorpions 

SCORPIONS 

VASP* 

Spiders  " 

SPIDERS . 

Vtttcatuig 

URTICATIN 

VAWB* 

Wasps  and  Be*s 

wasp/ bees 

Weed  Pes  ts 

WPATB 

Aquatic 

AQUATIC 

WPSIJ5 

Broadleaf 

BROADLEAF 

WPGS0 

Crass y 

GRASSY 

Mixed 

MIXED,1 

WPWDfl 

WOODY 

del  Codra 

ADDS 
ADFG 
ADMS 

ADZZ 

AVAT 
AVT5 

BTBD 
BTJN 
BTRD 

•  DNDT 
DKLF 

DSLM 
DSPL 

ihat 

FliVA 


rrpi 
itpl 
rrsT 

LVDS 

Li  VMS 

LVZZ 

PTPI 
PTPL 
PTWL 

RTOG 
RT3P 

SFRT 
SFST 

5TTO 
STSF 
STST 
STTR 


TABLE  2-2 
PEST  CONTROL  OPERATION  DATA  CODES 


Data  ItjEou  ud  Explications: 
AdnltlddlAC 

Doit  "  *' 

Fbg 

MUt 

Other 

Inwcta  Attacking  V«[*  tattoo  trades* , 
Are*  "Treatment  (lncI«tt0C  Shnfes) 
Tree*  Sprayed  «*  Treated 

Baiting 
For  Bird* 


For  Rodents 
£4*ea*«  Vector  and  HuUaocc  pei  ta 
XHtchtnc  (Kew  and  Maintenance) 

Dip- Soak  Trainmen* 

Ifumber 

Pallets 
Fumigation 

Atmcepberle 

Vacuum 
Iattftr**»ce  Treatment 

Mist,  gm.  Others  not  to  indiade  hcMjieriold  aerowJ* 

dispenser? 

puiaci 

Poles 

Structural 

Dost 
GrannJn 

Other 

Pre9*ure  Treated  tPreservedJ  C^dpontate  IwtaUed 

Piling  , 

Poles  / 
Wood  and  Lumber 
Residual  Treatments 

Dost  or  Grande* 

Spray* 
Stored  Products 

Residual  Treatment* 

Space  Treatments 
Structural 

Fumigation 

Surface 

Soil  Treatment 

Trench 


im  Name 

AQUUgg-PtBT 
ADULTICg-FQC 
AlKJLTtClD-MlST 
ADUl*TICn>*OTKI3l 

AREA-TREATMENT 
TREE3-  SPRA  YE  D 

BAlTTNG-filRDB  . 
aAITING-fflSECTS 
BACTtNG-HOD^NT 


DITCHING 
LAND- FILL 

LUMBER 

pallets 
atmospheric 

VACUUM 


IHTER-SPACE-TRT 

P  DUNG- IN  '  PLACE 
POLES -TH -PLACE 
STRUCTURAL 

LARVlCm-DUST 

LARyicn>dANs 

LARVICID-MI3T 
LAftVICO-OrttER 

PILING- PRS-TKTD 
POLES-PRS-TRTO 
wOOD-LUKBERr 

HESmUAL-DUSTS 
RESIDUAL  *SPKA  VS 

RESIDUAL-TREAT 
S?AC£- TREATMENT 

FUMIGATION 
SURFACE 
SOIL- TREATMENT 
THE2CB 


The  data  dement  Area  Treated  contains  eight 
columns  f°r  entering  the  total  number  of  square  feet  or 
acres  treated.  Although  there  arc  eight  columns 
provided  for  this  data  dement,  all  do  not  have  to  be 
utilized.  Since  this  data  element  requires  the  entry  of  a 
number  or  numbers,  you  would  only  utilize  the 
columns  required  for  entering  the  total  number  of 
digits  that  appear  in  the  number  of  square  feet  or  acres 
treated, 

NOTE:  The  number  of  acres  or  square  feet  entered 
for  this  data  element  must  be  whole  numbers.  Parts  of 
acres  or  square  feet  cannot  be  entered. 

Referring  to  the  case  situation,  you  will  find  that  50 
acres  were  treated.  Therefore,  this  number  would  be 
entered  in  columns  16  and  17,  as  illustrated  in  figure 
2-26.  (NOTE:  All  zeros  must  be  slashed  in  order  to 
separate  zeros  from  the  letter  "O":  therefore,  the  letter 
~0**  should  never  be  slashed.) 

The  fourth  data  dement  on  the  AF  Form  290  is  the 
Unit  of  Measure.  The  unit  of  measure  must  be  entered 
as  SF  {square  feet)  for  all  indoor  treatments  of  AC 
(acres)  for  ail  outdoor  treatments.  "AC"  has  been 


entered  in  columns  18  and  19,  respectively  (fig.  2-26). 
to  reflect  that  acres  were  treated  in  the  case  situation 
provided. 

The  data  element  appearing  on  the  AF  Form  290  as 
Building  Terrain  is  used  for  identifying  where  the 
treatment  was  performeiLThenumber^l^or^"  must 
be  entered  in  column  20.  Since  the  treatment  per* 
formed  in  case  situation  2-1  occurred  outdoors,  the 
number  "2"  has  been  entered  in  column  20  of  the  form 
illustrated  in  figure  2-26.  NOTE:  When  41  AC  is 
entered  in  columns  IS  and  19,  the  number  **2"  must  be 
entered  in  column  20.  If  USF"*  has  been  entered  in 
columns  18  and  19.  the  number  "1"  must  be  entered  in 
column  20. 

The  data  element  Pesticide  Name  is  used  to  identify 
the  pesticide  used  in  treatment.  The  name  of  the  pesti- 
cide must  be  coded  (pesu'ridertame  data  code  provided  - 
in  table  2-3).  and  the  data  code  must  be  entered  in 
columns  21  through  26.  as  shown  in  figure  2-26;  As 
you  can  see  by  the  information  provided  in  table  2-3. 
the  data  code  SNQP5p  identifies  the  pesticide  used  in 
case  situation  2-1  as  being  mala th ion. 


64 

16  i 


SPECIAL  NOTE:  To  support  a  previous  note 
made  while  discussing  the  Area  Treated  data  element, 
notice  the  distinction  made  between  the  letter  "O" 
and  the  number  ztto  **fT  in  the  Pesticide  Name  data 
code. 

Referring  again  to  case  situation  2-1.  the  pesticide 
form  used  in  the  treatment  for  adult  mosquitoes  was  a 
solution  prepared  from  ma  lath  ion  E/C  and  fuel  oiL 
Viewing  table  2-4,  you  will  find  that  a  solution  is 
identified  with  the  data  code  SOLU.  The  pesticide 
form  data  code  must  be  entered  in  columns  27  through 
30.  as  illustrated  in  figure  2-26.  which  identifies  the 
data  element  Pesticide  Form. 

In  the  data  element  identified  as  Pesticide  Quantity 
(columns  3[  through  36).  you  must  enter  the  total  * 
pounds  of  active  ingredient  contained  in  the  total 


amount  of  pesticide  formulation  dispersed.  This 
information  must  be  in  whole  numbers  (complete 
pounds)  because  the  computer  will  not  accept  portions 
of  a  pound;  or  in  other  words,  you  cannot  use  ounces. 

Recording  the  actual  amount  of  active  ingredient  in 
pounds  is  the  most  difficult  task  involved  in  com- 
pleting the  AF  Form  290  and  is  often  reported 
erroneously  due  to  the  fact  that  many  pest  managers 
are  not  aware  of  the  procedures  used  in  determining 
the  pounds  of  active  ingredient  contained  in  a  given 
quantity  of  finished  product.  Erroneous  reporting  will 
occur  more  often  when  pesticide  labels^do  not  furnish 
information  pertaining  to  the  pounds  of  active  ingre- 
dients contained  in  each  gallon  of  pesticide  than  those 
that  do. 


TABLE  2-3 
PESTICIDE  NAME  DATA  CODES 


Data  Coded     Dota  items  and  EiOdutatiQns: 


ft  AOL  24 
MAPY&G 
NAZZ0A 

FtDACfM 

RDSMfHJ 
RDSNM 

Et&ZZJW 

RPALfA 


SNCB20 

SNCHW 
SNCH20 
SN'CtOti 
SNCH40 

SNCHGO 
3NCK70 

S>hCHS9 

SNOP10 
SNOP2A 
SNOPSfl 
SNOP40 
SNOPf.fi 
SNOP9* 

SNOTflC 


UKATI- 

UtfCTlD 

UHCT40 
UHCTSfl 

UHCTTfl 

UHGRlB 
VHGR2& 

UHGH$& 


Summer 
Pyrethrum 

Other  NaturaJr  Orjjptaic  Insecticides 
HodenUcidH 

Anticoagulant* 

Calcium  Cyanide 

Sodium  MonofLuorac  elate 

Strychnin* 

Zinc  Proapfude 

Other  Rodenticides 
ftepeHauts 

Ali  Types  of  Repel  I  suits 
Synthetic  Organic 

Carbamates 
Baytion 
Sew  in 

Clil(irjnur«J  H^drueirN/ns 
Aldrin 
Chltrrdane 
DOT 

HepLachlur 

Xepone  UntJude  Mirex* 
Liwtane 

Pen  Lac  hi  oroptienM 
Other  Chlorinated  Hydrocarbons 
Orgimc  Phosphates 
DDVP 
Dtazinon 
Dibfom  Otfaiedb 
Fenthion 

Other  Organic  Phosphates 
Other  Sulfur  CtimpouiKls 
Or^mic  Ttiiocyanates 
Uncombined  Herbicides 

Copper  Sulfate 
Diquat 

Contact 

ArsemcaU.  Organic 
Arsetute,  Sodtum 
dm  tro  Compounds 
Oil*,  HerbieidaJ 
Paraquat 

Pentac  hi  o  ropbenol 
Growth  Etejpdatara 
Amitrole 
Atrazine 
palapon 

Maleie  Hydrajidt 
Silvex 

2,  4,  5-T 


Data  Item  Name 
SUMMER 

pyrethrym 
onatorqen 

anticoagcj 
CalCyande 
soewonofd 

STRTfCHCJ 

Z&PHQSPDE 

ORODENTID 

ALLREPELL 


BAYGOK 
sevin 

ALDRIN 

CHLOFLDANE 

DDT 

0IELDRIN 

hcptaculo 

KEPONE 
LINDANE 
PEWTACHLO 
OCKLOftHYD 

rwyvp 

OtAZGflOK 
DIBROM 

MA  LATHI  OH 
OORGPHOSP 
ORGSULFim 
ORGTHlOCV 


COP- SULFA 
DIQUAT 

AM-SULFAM 

ARSrN-OSG 

ARSTZ-SOD 

DINITRO 

OILSHERBI 

PAHA QUA T 

PEJTTACHLG 

AMETR0L£ 

ATRAZINE 

DA  LA  PON 

MALHYDRA2 

S1LVEX 

24D 

Z45T 
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TABLE  2-3 
PESTICIDE  NAME  DATA  CODES  (ConVd.) 


par*  Codes     bta  ttema  and  Explanation*: 
Combing  ctoa  HerMcide* 

Growth  Regulator* -Contact J 
CHGCW  Arsenical*,  Orpnle-Z.  4-X> 

Growth  Regulators 
CHOTltf  Dftlapoa- Stive* 

Growth  RegElaton-SoU 
CHGBld  Amitrol*-51muise 
CHCE2*  Sorate-Z,  *-3> 

Soil  SterUanu 
CK35X0  Borate -Monuron  * 

CHSSZi  Bromacu>Borate 
>CHSS3fl  B?omaciL-Bora.te-CbIorate 
CH3&M9  Chlorate- Bo  rau 

CH5S30  Chi  oral**  Borxlfr-ltfofi  ur  on 

CHSSWl  Fejmoron-TCA 
CHSStf  MomtroB-TCA 
CHZZ00  Other  Combination  Herbicides 

Fumlgatx*  y 
FMAP00         Aluminum  Phosphide        .  - 
FMCBM  Cstrbojide 
FMBAW         Hydrocyanic  AeU 
FUHBttl        Methyl  Bromide 
F1CPDO0  Paradiehlor6ben«&e 
FMSLAJ         Soil  Fomigants 
FMSUfW  SuLfuryl  Fluoride 

F1CZZW        Other  ruflniftao.es 

luorganie  bwectieides 


Etta.  Item  Name 


HALSTLVEX 
DALAP245T 
24IA45T 

AMSQCAZI 
BCRATE24D 

BORMUKUKO 
BKHCXLBOR 


7% 


CHLS  ORATE 
CHLBOKKOW 
FUNUROrCA 
MONTJROTCA 
OC  CUB  HERB 

ALPH03 

CARaOXDS 

HTOKOCYAN 

HE  BROMIDE 

PARADICHL 

5CILFUMIG 

OPUMIGAHT 


IXARU0- 

Arsenieala 

L*id  Arsenate 

LDARSENAT 

INAR20 

Paris  Cthq 

FR3SCKEEN 

ISAR3J 

^      Sodium  AraenLt* 

SODABSENT 

E^AAflS  , 

Other  Arsenical  Compound* 

OARSEHCMP 

Mlscella&eoua  Inorganic  Iraec  tie  idea 

Copper  tfapbc*nare 

COPPEHMAp 

INUS26 

Copper  Sulfate  Formulations  > 

COPEHSULF 

SULca  Aerogels 

*  SILICAERO 

INMSM 

Otber  MieeeUabceua  Inorganic  loiecticiues 

CUKORGAKI 

Sulfur 

Duattog  and  Wettable^Sulfur 

DUSWETSUIi 

L»une  Sulfur 

MtscelUneoua  Chemieal  Compounds 

KSATM 

Attractaxits 

'  ATTRACTS 

FUNGICIDE 

J*otl«ici*ide* 

MOLC1DES 

MS2Z0* 

Other  Chemical  CmapouDdj 

OCHEMCCMP 

Natural  Organic  Insecticide* 

NAAL00 

Allcthnn 

tfACSBO 

Creosote 

CREOSOTE 

NAOLI0 

Dormant 

DORMANT 

Pre- Emergence 

UHPEld 

Benefm 

BENE  FIN 

UHPE20 

5  tm  aline 

'SIWAZIKE 

Soil 

UHSUfl 

Feme 

FENAC 

UHSL20 

TBA 

TBA 

UHSL3U 

TCA 

TCA 

UHSSllfl 

SoU  Sfcpnlant 

BROMACH* 

BromacU 

URSS2J) 

ikuron 

DrUROW 

UH5536 

Fenuroa 

UHS540 

Monuron 

MOURON 

Sodium  Chlorate 

SOCLUMCHI* 

UH2ZM 

Other  Uocombined  Heroieides 

OUNCMHERB 

The  information  provided  In  case  situation  2-1  will 
be  used  in  explaining  the  procedures  used  in  deter- 
mining the  pounds  of  active  ingredient  contained  in  a 
finished  product  so  that  itcanbeproperlyrecordedon 
the  AF  Form  290. 

As  stated  in  the  case  situation*  240  gallons  of  6 
percent  maJathion-oii  solution  was  used  for  fogging, 
which  is  the  finished  product-  This  finished  product 
was  prepared  from  a  57-percent  malathion  El  C  and  a 
number  4  grade  fuel  oil  As  yoc  can  sec,  there  is  no 


information  contained  here  that  can  be  entered  on  the 
AF  Form  290;  therefore*  the  information  must  be 
converted. 

The  first  thing  that  must  be  done  is1  to  determine 
how  much  of  The  57-percent  E/C  was  required  to 
prepare  240  gallons  at  6  percent.  By  multiplying 
6  *  240  and  dividing  it  by  57  you  w*U  get  an  answer  of 
25-26  and  you  will  have  a  quamity  of  126^0,  This 
quantity  rounded.off  the  the  nearest  whole  number  is 
126,  which  is  the  information  to  be  entered  in  the  data 
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TABLE  2-4 
PESTICIDE  FORM  DATA  CODES 


Data  Codes 

D&ta-Jteni*  and  Zxplliatu 

Pesticide  Porxaj 

Dry 

DUST 

GRAN 

Granule* 

SFUM 

Solid  Funugant 

3  A  IT 

Bait  (Heady  to  Use) 

OTHD 

Otter 

SOLU 

-  Solution 

EMUL 

EmoLsloa 

AERO 

Aerosol 

SUSP 

Suspensions 

OTHL 

Other 

y 

element  identified  as  Pesticide  Quantity  as  illustrated 
in  figure  2-26_ 

NOTE:  Only  the  columns  requited  for  the  number 
of  digits  will  be  filled  in  from  right  to  jefu  arjci  only 
whole  numbers  win  be  entered  in  the  columns  under 
this  data  element. 

The  Unit  of  Measure  data  element  for  pesticide 
quantity  must  reflect  "LIT  in  columns  37  and  38, 
respectively,  to  identify  the  fact  that  the  information 
entered- in  the  previous  data  element  was  recorded  as 
pounds.  ^ 

The  Supply  Source  data  element  (goiumn  39)  must 
reflect  either  an  "N"  if  the  pesticide  used  was  a  non- 
standard stock  item  or  an  *S"  if  the  pesticide  was  a 
standard  stock  item  as  illustrated  in  figure  2-26. 

The  Man-Hours  Labor  data  element  (columns  40 
through  45)  is  used  for  the  purpose  of  reflecting  only 
the  combined  man-hours  actually  expended  while 
applying  pesticides  to  include  supervisory  time,  as  is 
illustrated  by  the  figure  appearing  in  columns  44  and 
45  of  figure  2-26. 

As  you  can  see.  a  total  of  14  hours  was  entered  under 
this  data  element  to  correspond  with  the  information 
provided  in  case  situation  2-L 

NOTE:  Only  whole  numbers  will  be  entered  under 
this  data  element,  which  means  that  no  part  of  an  hour 
can  be  shown.  ^ 

The  purpose  for  the" next  data  element  identified  as 
Man-Hours  Survey  is  for  recording  only  the  hours 
spent  in  conductmgsui^eysforaspecificjob_ Looking 
at  figure  2-26.  you  will  notice  that  no  entry  appears 
under  this  data  element  although  case  situation  2-1 
states  that  3  hours  were  expended  on  surveys.  The 
reason  for  this  space  being  blank  is  that  information 
pertaining  to  man-hours/expended  on  surveys  have  to 
be  keypunched  onto  a  separate  Pest  detail  card,  which 
would  be  the  Pest"  detail  card  2/80.  as  previously 
stated.  Therefore,  this  information  cannot  appear  on 
the  same  line  that  is  used  for  recording  pest  control 
operations  to  be  keypunched  onto  the  Pest  detail  card 
1/80.  To  explain  this  further,  figure  2-27  has  been 
provided  to  illustrate  how  the  survey  hours  for  a  pest 
control  operation  are  recorded  on  a  typical  AF  Form 
290  that  is  prepared  daily. 

Notice  that  she  illustrated  AF  Form  290  in  figure 
2-27  has  the  lines  numbered  in  the  left  margin.  This  is 


to  allow  quick  reference  to  the  comments  that  remain 
concerning  the  completion  of  this  form. 

In  comparing  figure  2-26  with  figure  2-27  you  will 
find  that  line  1  in  figure  2-27  provides  the  same 
information  thai  figure  2-26  does.  This,  information 
pertains  strictly  to  pest  control  operations  and  is 
keypunched  only  on  the  Pest  detail  jcard  1/80.  Lin«r7 
in  figure  2-27  represents  the  information  keypunched 
onto  the  Pest  derail  card  2/  80  (Pest  Survey),  and  line 
14  represents  the  information  rjcrtaining  to  herbicide 
control  operations  that  are  keypunched  onto  the  Pest 
detail  card  3/80. 

Con  touing  the  discussion  concerning  data  element 
Man-Hours  Survey,  the  3  hours  expended  o  n  surveys 
for  the  ^  pest  control  operation  described  (m  case 
situation  2-1)  has  been  entered  in  column  51  on  line  7 
as  illustrated  in  figure  2-27;  which  explains  why  it  was 
not  entered  hi  the  same  column  on  line  K  If  you  will 
notice,  entries  have  been  made  to  only  two  data 
elements  on  line  7Nprior  to  this  one,  because  this  is  the 
only  information  that  can  be  entered  on  the  Pest 
Survey  Card  (2/80)  up  to  this  point 

Continuing  with  the  remainingdata elements  on  the 
AF  Form  290,  the  Reserved  data  element  (cobmns52 
through  73)  requires  no  entry.  This  space  is  to  remain 

The  Installation  data  element  is  used  .to  identify  the 
installation  submitting  the  report.  This  code  must  be 
entered  in  columns  74  through  77  for  each  Pest  detail 
card  as  has  been  done  in  figure  2-27.  It  is  recommended 
thatyou  obtain  tfre  proper  data  clememcodefrom  the 
civil  Engineering  Gost  Accounting  Section;  t fierefore* 
these  codes  are  not  provided  jn  this  text. 

The  Month  data  element  is  used  to  identify  the 
month  in  which  the  form  was  preparedVThis  data 
element  code  must  bejTtwo-digit  number.  If  the  month 
happens  to  be  December^hen  the  number  12  would  be 
entered  in  columns  78  and  79.Casesituation2-l  states 
that  this  job  was  accomplished  in  January;  therefore, 
figures  2-26  and  2-27  reflect  apl.  which  is  the  proper 
,^-^vayto-enter  the  number  that  represents  the  month  of - 
January- 

The  last  data  element  that  remains  on  the  AF  Form" 
290  is  Card  Code,  Column  80  is  used  for  identifying 
jthe  information  entered  on  individual  lines  to  the 
applicable  Pest  detail  card*  Notice  that  a"1~  has  been 
entered  in  column  80  on  line  lfin  figures  2-26  and  2-27 
to  identify  that  all  the  information  on  that  line  is  to  be 
keypunched  onto  a  Pest  Control, Operation  Card 
<1/8G).  In  figure  2-27  you  will  note  that  a  "2"  -was 
entered  on  line  7  to  indicate  tr^at  this  information  must 
be  keypunched  onto  a  Pest. Survey  Card  (2/80)  and  a 
entered  on  line  14*  which  means  tftat  all  the- 
information  on  this  line  must  be  keypunched  onto^a 
Herbicide, Control  Card  (3/80). 

Look  on  line  14.  in  figure  2-27  and  observe  the 
entries  for  the  various  data  elements.  This  is  an 
example  of  the  complete  information  that  is  entered 
on  the  AF  Form  290  for  herbicide  control.  AH  blank 
data  elements  appearing  on  this.illustrated  form  must 
remain  blank  because  the  computer  will  not  accept  any 
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V  ANSCHIPT  FOR  PEST  REPORT 


CON1B01 


AREA  m£MQ? 


*5nClM 


PESTICIDE 


fESTiCOE 


SURVEY 


RESERVED 
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htjurc  2-27,  AF  Form  290,  Transcript  for  Pesi  Report  (example  of  pest  conirol  opentibn,  pen  survey,  and  herbicide  ttmfrol  entries); 
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additional  Information  and  cannot  be  keypunched 
onto  the  Herbicide  Control  Card  (3/80),. 

NOTE;  For  herbicide  control  operations  on  **A* 
and  a  MC*  must  be  entered  in  columns  JS  and  J 9, 
respectively,  for  the  data  element  Unit  of  Measure  and 
a  must  be  entered  in  column  20  for  the  data 
element  Building  Terrain  for  all  herbicide  control 
operations  just  as  it  appears  on  tine  J4  in  figure 2-27. 

Disposition.  Once  the  AF  Form  290  is  completed  It 
is  forwarded  to  the  Cost  Accounting  Section,  and  the 
information  is  keypunched  onto  the  Pest  detail  cards. 
The  AF  Form  290s  can  be  destroyed  after  a  corrected 
copy  of  the  Pest  Summary  Report  has  been  .prepared. 


Exercises  (231): 

L  Ths  AF  Form  290  must  be  prepared . 
in  accordance  with  


3.  What  does  the  information  that  is  recorded  on  the 
AF  form  290  pertain  to? 


~L  What  i$  the  primary  purpose  of  the  AF  Form  290? 


4.  The  three  publications  that  provide  instructions  for 
completing  an  AF  Form  290  for  use  with  the  B3500 

comp  u  ter  system  are  ,  , 

and  '  . 


Data  codes  used  in  the  completion  of  the  AF  Form 
290  are  found  in  


Using  information  in  the  objective  pertaining  to 
completion  instructions  for  the  AF  Form  290, 
complete  the  blank  AF  Form  290  in  figure  2-28  by 
entering  the  information  below  on  the  appropriate 
lines  as  illustrated  in  figure  2-26. 
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TRANSCRIPT  FOR  PEST  REPORT 


PEST  NAME 
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Figure  2-2S.  AF  Form  290,  Transcript  for  Pest  Rcpon  (objective  229,  exercise  6). 
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On  4  October  J 976  the  Base  Parade  Grounds, 
which  is  1  acre,  was  treated  for  chinch  bugs*  Since 
chinch  bugs  are  vegetative  juice-sucking  pests  and  1 
acre  is  being  treated,  200  gallons  of  a  (K5-percent 
emulsion  finished  spray  is  recommended.  The 
finished  spray  was  prepared  from  a  473-percent 
diazinon  emulsifiable  concentrate,  which  contains 
4  pounds  of  active  ingredient  per  gallon  and  is  a 
standard  stock  hem. 


To  accomplish  this  pest  control  operation,  1  hour 
was  expended  injconducting  a  survey,  and  it  took 
two  people  4Jjfours  to'  mix  and  apply  the  pesticide. 
The  supervisor  observed  the  entire^operation  to 
insure  that  the  job  was  progressing  smootKtyand  to 
observe  the  performance  of  the  individuals. 
NOTE:  No  entry  is  required  for  the  installation  data 
element  in  this  exercise.  ~> 


CHAPTER  3 


'1st 


Safety,  Protective  Equipment,  and  First  Aid 


PESTICIDES  ARE  only  as  safe  as  you  are,  because 
pesticides  do  not  create  accidents;  people  do!  Acci- 
dents involving  pesticides  can  be  eliminated  just  as 
all  other  accidents  can,  if  everyone  will  become 
knowledgeable  of  accident  prevention  and  adhere  to 
all  preventive  measures  without  deviations. 

This  chapter  will  identify  the  requirements  and 
guidelines  for  handling  pesticides  safely.  And*  since 
it  is  recognized  that  humans  err,  and  pesticide  poison- 
ings do  occur,  this  chapter  wilt  discuss  the  common, 
causes  of  these  poisonings  and  the  actions  to  be  taken  _ 
when  they  occur. 


3-1.  Federal  Statutes  and  Regulations  \ 

Without  pesticides,  we  would  not  have  the  food, 
fiber,  and  landscape  plants  we  need.  But  because 
pesticides  can  be  dangerous.  Congress  has  passed 
laws  affecting  pesticide  use.  These  laws  try  to  balance 
the  need  for  pesticides  against  the  need  10  protect 
people  and  the  environment  from  their  misuse. 

The  intern  within  this  section  is  to  Identify  the 
Federal  agencies  that  establish  and  enforce  laws 
governing  all  phases  of  pesticide  handling. 


Z32.  State  the  purpose  and  scope  of  the  FIFRAr- — _ ._. 

Federal  Insecticide,  Fungicide,  and  Rodenricide. 
Act  (FIFRA).  This  act  was  first  established  by  Con- 
gress in  1947  and  was  administered  by  the  United 
States  Department  of  Agriculture  (USDA),  Argicul- 
turai  Research  Service,  Pesticides  Regulation 
Division. 

Purpose.  This  act  was  established  to  provide  laws 
pertaining  to  the  certification  of  the  usefulness  of 
chemicals  employed  in  agriculture  specified  require- 
ments for  safety  precautions  in  handling  and  applying 
'agricultural  chemicals,  and  specified  requirements 
for  the  registration  of  such  chemicals  every  ,5  years. 

Scope.  There  have  been  five  amendments  to  this 
act  since  the  basic  act  was  established.  The  first 
amendment  occurred  in  1959  to  include  nematodes, 
plant  growth  regulators*  desiccants,  and  defoliants; 
and  then  in  [963.  it  was  amended  again  io  require 
labels  of  economic  poisons,  to  provide  the  statement 


**Jteep  Out  of  Reach  of  Children"  and  to  eliminate 
claims  such  as  "Safe*"  "Nonpoisonous,"  "Nontoxic/* 
"Nomnjurious,**  and  "Harmless"  from  economic 
poison  labels. 

Then,  on  12  May  1964  there  were  two  amendments 
to  the  FIFRA  passed  by  Congress.  The  first  of  these 
was  Public  Law  201,  which  eliminated  the  protest 
registration  clause  of  the  basic  act-  The  second  amend- 
ment enacted  on  12  May  1964  was  Public  Law  305, 
which  established  the  requirement  for  each  pesticide 
label  to  show  a  registration  number  when  the  pesti- 
cide has  been  approved  by  the  USD  A  for  registration. 


Exercises  (232); 

1.  State  the  three  purposes  identified  in  the  text  for 
establishing  the  FIFRA  by  listing  them  in  the  order 
given- 


2,  The  amendment  to  the  FIFRA  that  was  enacted 
in  1963  required  all  economic  poison  labels  to  pro- 
vide the  statement  "  " 


3.  The  regulations  set  forth  in  F1FRA  are  made  into 
law  by  — ' 


4.  TheFlFRAwasfirstamendedtoinclude 
 ,  ,  and  — 


233.  Specify  the  relationship  of  the  FIFRA  and  the 
FEPCA  and  identify  the  new  requirements  outlined 
in  the  FEPCA. 


Federal  Environmental  Pesticide  Control  Act 
(FEPCA),  The  FEPCA  was  amendment  number  5 
to  the  FIFRA  passed  by  Congress  and  became 


led 


Public  Law  92-516,  which  is  most  often  referred  to 
as  "FIFRA.  as  amended."  ■> 

Purpose*  The  FEPCA  became  law  on  21  October 
1972  to  extend  Federal  registeration  and  regulation 
to  all  pesticides*  including  those  distributed  or  used 
within  a  single  state. 

Scope.  This  FEPCA  requires  the  proper  applica- 
tion of  pesticides  to  insure  greater  protection  of 
humans  and  the  environment.  It  prohibits  the  use  of 
any  registered  pesticide  in  a  manner  inconsistent  with 
labeling  instructions  and  it  also  specifies  that  pesti- 
cides must  be  classified  as  either  general  or  restricted. 

Under  the  provisions  of  the  FEPCA  every  commer- 
cial and  private  applicator  must  becertified  as  com- 
petent to  use  any  of  the  pesticides  that  are  classified 
as  being  restricted.  FEPCA  also  provides  penalties 
such  as  fines  and  jail  terms  for  people  who  do  not 
obey  this  law. 

As  an  entomology  specialist*  you  are  governed  by 
this  act  because  you  are  classified  as,  a  .commercial 
applicator  of  pesticides.  As  a  result  of  this,  you  will 
be  required  to  be  certified  to  apply  restricted  use 
pesticides,  and  you  are  subject  to  the  penalties  pre- 
scribed if  you  do  not  adhere  to  the  law. 

To  be  certified,  you  must  prove  that  you  know  the 
safe  and  correct  way  to  apply  restricted  use  pesti- 
cides. To  do  this,  you  take  a  written  examination. 
Therefore*  the  more  you  study  this  CDC  the  more 
knowledgeable  you  will  be  when  it  comes  test  time. 

The  civil  penalties  that  you  are  subject  to  if  you 
violate  the  F1FRA  may  be  "a  fine  of  up  to  $5,000  for 
each  offense.'  and  the  criminal  penalties  may  be  as 
much  as  S25.0O0  or  J  year  in  prison,  or  both- 


Exercises  (233): 
■  1.  The  relationship  of  the  FEPCA  to  the  FIFRA  is 

zhat  the  FEPCA  is  actually  an    to 

the  


2.  What  is  the  purpose  of  the  FEPCA? 


3.  Identify  the  requuemetits  that  were  outlined  in 
the  FEPCA  which  had  not  been  outlined  previously 
in  the  FlFRA  by  placing  an  X  in  the  space  beside 
v  each  statement  that  applies. 

-  a.  Requiring. certification  of  the  usefulness  of 
chemicals  employed  in  agriculture. 

  b.  Requiring  the  inclusion  of  nematodes,  paint 

  growth  regulators;  desiccants,  and  defofiants. 

 L  c.  Included  provisions  for  penalties  in  case  of 

/       pesticide  misuse. 

  d.  Requiring  the  clas  *ificatiun  of  pesticides  as 

being  restricted' ot  general. 

  e.  Requiring  rhe  siaiemenr  "Keep  Qui  of  Reach 

©("Children"  be  printed  on  the  pesticide  labeL 


 1  f.  Requiring  each  commercial  and  private  ap- 
plicator of  pesticides  to  be  certified  com- 
petent- 

 ;  g*  Requiring  the  registration  of  each  pesticide 

by  the  USDA.  * 


234.  State  the  purpose  for  creating  the  EPA  and  iden- 
tify the  scope  of  its  functions* 

.  Environmental  Protection  Agency  (EPA), The  EPA 
is  the  prime  regulatory/  research,  and  educational 
agency  with  the  knowledge  and  capability  to  control 
all  environmental  pollutants.  This  agency  includes  , 
organizations  concerned  with  pesticides,  or  their  ef- 
fect on  the  environment,  which  were  previously  parts 
of  the  Council  on  Environmental  Quality,  the  Atomic 
Energy  Commission  and  the  Departments  of  Agri- 
culture, Interior,  and  Healthy  Education,  and  Welfare. 

Purpose.  The  EPA  was* created  on  2  December 
1970  by  Congress  as  a  resuJi  of  the  continuing  pres- 
sure to  limit  the  use  of  pesticides  and  to  combine  all 
activities  of  the  Federal  Government  concerned  with 
pesticides  and  their  effects  on  the  environment  into  a 
single  agency.  / 

Scope.  This  agency  has  the  responsibility  for  re- 
searching, developing,  and  enforcing  standards^  pre- 
scribed by  law,  foremissionsEnd  effluents:  evaluating 
and  registering  pesticides  and  developing  new  pest 
management  procedures;  controlling"  toxic  and  poi- 
sonous substances;  developing  new  methods  in  pol- 
lution control;  and  insuring  that  adequate  technical 
personnel  requirements  are  developed. 

As  a  result  of  combining  all  the  organizations 
identified  above  into  a  single  agencv,  the  EPA  now 
has  the  responsibility  for  enforcing  the  FIFRA,  as 
amsn<icd  {FEPCA).  These  responsibilities  include, 
but  are  not  limited  to.  registering  each  and  every 
pesticide,  classifying  pesticides*  prosecuting  individ- 
uals for  misuse  of  pesticides*  and  insuring  that  mini- 
mum standards  for  certification  are  established  and 
complied  with. 


Exercises  1234):  ■ 

1.  What  was  the  purpose  for  creating  the  EPA?' 


2.  Of  the  statements  provided,  identify  the  ones  that 
penain  io  the  functions  of  the  EPA  by  placing  an 
X  beside  applicable  statements, 


a.  Approves  and  registers  all  pesticides  for 
their  uses. 

b.  Enacts  laws  pertaining  to  pesticides. 

c.  Enforces  the  FEPCA. 


 d.  Responsible  for  developing  new  pest  manage- 
ment procedures.  , 
-   e.  Certifies  all  personnel  as  being  competent 
to  apply  pesticides. 


3.  List  the  three  departmental  organizations  that  are 
included  under  the  EPA. 


j 

235*  Identify  the  governing  department  for  the  OSHA  4 
and  ha  purpose,  and  state  the  scope  of  the  OSHA  per- 
taining to  its  ftmctionml  responsibilities. 

Occupational  Safety  and  Health  Administration 
(OSHA).  The  OSHA  is  an  organization  chat  operates 
under  the  US  Department  of  Labor  (USDL)  with  re-, 
giona J  offices  established  throughout  the  United 
States. 

Purpose.  The  purpose  of  the  OSHA  is  to  insurethat 
all  employees  have  safe  and  healthy  working  condi- 
tions. As  you  will  see  in  SectiOn\3-2  oi  this  chapter, 
there  are  many  requirements  established  by  the 
OSHA  to  insure  safe  entomological  operations.  - 

Scope.  The  OSHA  has  authority  to  develop  and 
publish  occupational  safety  standards;  inspect  work 
areas  to  insure  that  standards  are  met;  issue  citations  . 
for  noncompliance  with  its  regulation^;  and  maintain 
education*  training,  and  information  programs  to  pro- 
mote safe  practices.  \ 

This  administration  is  a  very  valuable  source  to 
obtain  assistance  in  establishing  safe  working  condi- 
tions for  you  and  your  fellow  workers-  \ 


operates  under  the  US  Department  of  Health*  Educa- 
tion, and  Welfare  (USDHEW). 

Purpose.  The  NIOSH  prepares  new  or  improved 
occupational  safety  and  health  standards  and  provides 
qualified  personnel  to  enforce  these  standards. 

Scope,  This,  organization  under  the  USOHEW  is 
responsible  for  formulating  new  or  improved  occupa- 
tional safety  and  health  standards  and  for  conducting 
educational  programs  to  provide  an  adequate  supply 
of  qualified  personnel  to  cany  out  these  standards- 

The  NIOSH  now  has  the  responsibility  for  testing 
and  approving  many  items'  of  personal  safety  protec- 
tive equipment  required  in  entomological  operations 
that  formerly  was  the  responsibility  of  the  US  Bureau 
of  Mines.  This  will  be  brought  to  your  attention  in 
Section  3-2  of  this  chapter  when  respiratory  protec- 
tive devices  are  discussed. 

i 

Exercises  (236); 

!-  The  NIOSH  is  an  activity  that  is  controlled  by 
L  what  department? 


2,  The  NIOSH  was  formed  to  (enforce  occupational 
and  health  standards)  or  (formulate  improved 
occupational  and  health  standards).  Underline  the 
correct  purpose. 


3-  Name  a  responsibility  of  the  NIOSH  identified  in 
the  text  that  is  directed  toward  you  as  an  entomology 
specialist 


Exercises  (235): 

1.  What  is  the  governing  department  for  the  OSHA? 


2.  State  the  purpose  for  the  OSHA. 


237.  Point  out  how  the  statutes  and  regulations  of  the 
CPA  and  the  OSHA  relate  to  State  and  local  control 
over  Air  Force  pest  management  programs* 


3,  List  the  functional  responsibilities  of  the  OSHA. 


236.  Identify  the  governing  department  for  the  NIOSH 
and  its  purpose*  and  list  the  functions  and  responsi- 
bilities ftithin  its  scope. 


National  Institute  for  Occupational  Safety  and 
Health  (NIOSH).  The  NIOSH  is  an  organization  that 


State  and  Local  Statutes  and  Regulations.  Although 
the  EPA  establishes  the  minimum  Federal  require* 
mems  for  environmental  protection  and  the  OSHA 
establishes  the  minimum  Federal  requirements  for 
safe  working  conditions,  the  State  and  local  govern- 
ments have  the  perogative  of  establishing  more  strin- 
gent requirements  for  environmental  protection  and 
safe  working  conditions. 

As  an  Air  Force  pest  manager  you  must  be  very 
knowledgeable  of  the  laws  established  within  the 
State  and  community  to  which  you  are  assigned.  You 
must  perform  ail  entomological  function^  within  Ahe 
laws  established  by  the  State  and  local  governnjfenu 
tf  their  laws  are  more  stringent  than  Federal  Jaws. 
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Exercises  (237):  , 

I.  When  can  the  State  and  local  governments  over- 
ride Federal  statutes  and  regulations  established 
by  the  EPA  and  the  OSHA  in  regard  to  protecting 
the  environment  and  employees? 


1  Based  upon  the  information  contained  in  this  ob- 
jective, you  an  an -Air  Force  pest  manager  must' 
adhere  to  which  requirements?  / 


3.  What  is  the  primary  function  of  EPA? 


3-2.  Safe  Handling  of  Pesticides 

As  an  entomology  specialist,  it  is  your  responsibility 
to  take  every  precaution  available  during  all  phases 
/of  pesticide  handling  to  protect  yourself,  fellow 
workers*  and  others  and  to  prevent  accidental  destruc- 
tion of  property  through  negligence. 

^ince  all  pesticides  are  toxic  to  some  form  of  life 
and  triany  are  explosive  and  flammable,  they  present 
many  hazards  to  the  environment  in  one  way  or  an- 
other or  a  combination  of  ways.  These  hazards  can  be 
reduced  to  almost  nonexistent  if  you  and  everyoneelse 
will  follow  the  basic  precautionary  rules  for  handling 
pesticides. 

This  section  will  identify  and  explain  pesticide 
labels  and  , will  identify  the  facility  requirements  for 
entomology  sections  and  the  safety  requirements  to 
be  adhered  to  during  all  phases  of  pesticide  handling,  . 

238.  State  the  purpose  and  uses  of  pesticide  labels, 
'  identify  the  parte  of  a  pesticide  label,  and  interpret 
signal  words  and  symbols  that  may  appear  on  pesti- 
cide labels. 

Pesticide  Labels,  Each  and  every  pesticide  is  re- 
quired to  be  registered  by  EPA.  and  each  pesticide 
container  is  required  to  be  labeled, 

EPA  has  established  strict  regulations  requiring  a 
minimum  of  information  to  be  furnished  by  the  manu- 
facturer and  printed  on  each  pesticide  container 
label  before  it  can  be  registered. 

You  have  probably  already  noticed  the  frequency 
in  which  the  pesticide  label  has  been  referred  to  in 
the  previous,  portions  of  this  text,  and  it  will  be  re- 
ferred to  over  and  over  again  in  the  remaining  por- 
tions because  the  pesticide  label  is  the  most  important 
and  informative  source  for  identifying  the  pesticide 
and  the  safe  handling  precautions. 

Purpose  of  pesticide  Jabots.  The  pesticide  label 
serves  the  same  purpose  as  an  Air  Force  regulation 


and  "must  be  strictly  adhered  to.  Any  deviation  that 
would  be  to  a  less  degree  than  me  information  pro- 
vided by  the  pesticide  label  subjects  you  to  the  same 
\punishmcnts  as  the  disobey  an  ce  of  an  Air  Force  regu- 
lation would.  In  addition  to  this,  you  will  be  subject  to_ 
/a  fine,  imprisonment,  or  both  under  Federal  laws' 
'  governing  the  use  of  pesticides.  However,  you  are 
encouraged  to  take  more  precautionary  measures  than 
stated  on  the  pesticide  label.  In  fact,  more  such  pre*' 
cationary  measures  are  sometimes  required  by  other 
regulations. 

Remember  that  EPA  has  only  established  mini- 
mum standards  to  be  followed  when  handling,  pesti- 
cides* and  other  agencies  can  establish  and  enforce 
stricter  standards. 

Use  of  pesticide  labels.  The  pesticide  label  is  used 
as  a  guideline  for  the  safe  storage,  mixing;"  uses,  and 
application  of  that  specific  pesticide*  These  guidelines 
for  safe- storage*  mixing,  and  application  must  be 
recognized  as  the  very  minimum  standard  that  must 
be  met,  but  the  standard  can  be  increased.  The  speci- 
fic recommendations  for  the  uses  and  actual -mixing 
and  application  rates  that  are  provided  on  the  pesti- 
cide  label  must  not  be  deviated  from  under  any  cir- 
cumstance. All  other  recommendations  pertaining  to 
pesticide  use,  formulation,  and  application,  such  as 
4  the  pesticide  recommendations  that  are  included  in 
Appendix  A  of  supplements  to  Volumes  4,  5*  6,  and  7 
-JDf  this  CDC.  in  AFM  91-16,  and  in  AFM  91-19,  must 
be  recognized  as  being  only  general  recommendations 
that  may  be  obsolete  and  will  no  longer  apply. 

When  you  find  contradictory  information  between 
the  recommendanorr  provided  on  the  pesticide  label 
and  pesticide  recommendations  provided  in  the  CDC* 
AFM  91-16,  and  AFM  91-19,  always  followthe  rec- 
ommendations on  the  label. 

Remember  that  pesticide  manufacturers  expend 
much  time,  effort,  and  money  in  conducting  research 
on  their  products  arid  they  are  the  authoritative  source! 

Parts  cf  rhe  label.  As  previously  stated,  EPA  re- 
quires that  certain  information  concerning  each  pesti- 
cide be  provided  on  each  and  every  pesticide  container 
label. 

To  assist  you  in  recognizing  and  identifying  the  type 
of  information  that  is  provided  on  a  typical  pesticide 
container  label  a  specimen  label  and  explanations 
concerning  the  pans  of  a  typical  pesticide  label  are 
provided  below.  * 

Figure  3-1  is  provided  for  your  reference  throughout 
the  discussion  concerning  the  parts  of  a  typical  pesti- 
cide container  label. 

cl  Brand  name.  Each  company  has  brand  names 
for  its  products  and  is  the  most  identifiable  name. 
This  name  is  the  one  that  appears  in  ads  and  is  identi- 
fied vividly  on  each  pesticide  label  as  is  shown  beside 
the  number  **<V*  in  figure  3-1. 

b.  Common  name.  Many  pesticides  have  complex 
chemical  names.  Some  have  been  given  another  name 
to  maice  them  easier  to  identify.  These  are  called 
cowmen  names.  For  instance,  carbaryl  is  the  common 
name  forVnaphthyl  N-methylcar hamate,  A  chemical 


■ 


DIIECTJONS  FOt  UK 


Antral  ti  x  pettidde  for  the  control  ot  certain  aped* 
of  peit  bird*.  It  j|  compoeed  at  *  choice  bird  food 
a  J»prepi*t*d  with  *ft  active  bdjd  nmugtottnt  cheated 
Btidt  ingeettng  Avittot  relet  with  dletree*  lynptom* 
and  calif*  By  limiting  the  uatmX  of  bait  milabtt  ta 
relatively  few  blrcn,  the  remainder  of  the  feck  can  be 
frighCeaed  away  from  moat  rooitt  tod  [teeing  tltei 
with  a  minimum  of  morUUt^  For  beet  rteulti  the 
appUetdofti  ehoold  be  mad*  at  the  proper  time  and 
p  tut -under  the  direct!  cm  of  trained  ptmatL 

Prcfcedtog  with  untreated  feeda  of  tbt  wbi  teapot  U 
Hon  u  the  Atttrol  carrier  ti  ueuatlr  eeetntul  to  the 
effect™  deterroweof  brdi  wltiAfltrot  Carefulob" 
lemtton  o!  bird  hablte  should  bi  aide  to  eitibUeh 
proper  feeding  ioc&tta&e  lod  to  determbe  that  no  de- 
iLnbk  or  protected  bird  ipede*  art  prmnt  tbt  maj 
feed  on  A? Urol.  After  peit  bird  feeding  ti  ettbliibtd. 
Immediately  replace  ud treated  grain  with  ArttroL 
Repeat  Avltrol  Jreatment  until  bird  numbera  haw  beet  , 
reduced  to  acceptable  tenia  »  the  premie**, 

Avttro)  grain  ti  lethal  to  moat  tar*  tf*t 
to  cam*  ttDcfc-lrightenbig  npoptoouL 
deeired  minimal  mortality,  thedletrll 
grain  Ibould  be  limited  to  nattered 
that  will  proride  feeding  opportunity  for 
Dumber  of  deraowtrating  bird*.  The 
feeding  area  may  be  covered  with  unt 
pmide  oeairabie  dilution. 


5"- 


MtSL- " 


WHEAT 

For  the  Control  of 
\SF>AfttOWS,  CERTAIN  BLACKBIRDS 

AND  C0W8IR0S  IN,  ON 
OfUN  THE  AREA  OF  SJ 
NESTING  AND  RC 


CAUTION 

KEEP  OUT  OF  REACH  OF  CHU&REN 


liar  produce  talc  eyinptomt  U  I  wallowed  or  bf  con- 
tKtwttfatheakk.  Haadte  rtttprofcecflpe  gJowe-  WutaJ 
thoroughly  with  aoapaod  water  after  haodUogi  before 
or  erooktag.   Change  to  clem  dothtag  after  I 
fcTevaUoweg,  faduc«-  yoaiUiag  and  call  a| 
Do  not  feed  to  Ifreetodt  or  ebktai*  Do  not  | 
gnu  br  UfCftotk  feed  or  for  human  eon- 
i  art  errtam atratpe,  hkeekorpapow  j 
eriih  Do  not  allow  this  material  to  re- 
sted pUcw  after  control  meanuxee  are 
*  Do  not  use  where  frcd&zaio  or  meat)  will  J 
!  contrainated. 


lew  Ingredient 
^tninopyrLdlnc 
Inert  fagredleote 
Wheat 

Hydrogen  Chloride 
Wet  Content!  


Do  not  rtu*t  tmpty  container  Distroy| 
ft  by  burying  with  woit*  or  burning. 
Stay  owoy  from  smolct  or  fumts. 


avttetol  must  not  be  exposed  in  aky  manner 
That  kayewdangerdesirable  and  protected 
bird  s feces,  if  there  is  a  question  of  such 
hazard,  consult  local,  state.  and  federal 
game  authorities  before  undertaking  bird 
management  wtth  avttrol.  investigate 
laws  that  mai  prohibit  the  use  of  an?  toxic 
chemical  in  bird  control 


9   A  WWOl  CORPORATION 

TULSA,  OKLAHOMA 


10  ■ 


EPA  Reg.  No.  11619-1 
U.S.  Patent  3.1MJHI 

EPA  EeL  HMU-QK-t 


NOTICE;  Buyer  and/or  ueer  aaeumea  all  rink*  of  uee 
and/or  handling  ct  thefe  aaterii!*  contrary  &  label 
Inatrcctlone. 


Figure  3-L  Typical  pesticide  container  label. 
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made  by  more  shan  one  company  will  be  sold  under 
several  brand  names,  but  you  may  Find  the  same 
common  name  or  chemical  name  on  all  of  them.  There 
is  no  common  name  for  the  pesticide  on  the  illustrated 
pesticide  label,  but  the  chemical  name  is  identified 
directly  beneath  the  active  ingredient  beside  the 
number  "7." 

c.  Ingredient  statement.  Every  pesticide  label  must 
list  what  is  in  the  product.  The  list  is  written  so  that 
you  can  see  quickly  what  the  aclive  ingredients  are. 
The  amount  of  each  octive  ingredient  is  given  as  a 
percentage  by  weight  or  as  pounds  per  gallon  of  con- 
centrate. It  can  be  listed  by  either  the  chemical  name 
or  the  common-  name.  The  inert  ingredients  need  not 
be  named,  but  the  label  must  show  what  percent  of 
the  contents  they  maJcc  up.  This  statement  is  identi- 
fied beside  the  number  "T*  in  figure  3-1. 

d.  Net  contents.  The  net  contents  number  tells 
you  how  much  product  is  in  the  container.  This  quan- 
tity may  be  expressed  in  gallons,  pints,  pounds, 
quarts,  or  other  units  of  measui^.  The  net  contents 
line  . is  identify  Hsside  the  number  in  figure  3-L 
If  the  label  Wi*  actual,  there  would  be  a  quantity 
entered  on  the  line. 

e.  Name  and  address  of  manufacturer.  The  law 
requires  the  producer  or  distributor  of  at  product  to 
put  the  name  and  address  of  the  company  on  the  label. 
This  is  so  you  will  know  who  madeorsold  the  product. 
This  information  is  beside  the  number  "9"  in  figure  3- L 

/.  Registration  and  establishment  number.  A  regis- 
tration number  must  be  on  every  pesticide  label:  It 
shows  thai  the  product  has  been  registered  with  the 
Federal  Government,  It  usually  L>  fcund  on  the  front 
panel  of  the  label  and  will  be  written  as  "EPA  Regis- 
rration  No.  0000."  The  establishment  number  tells 
what  factory'  made  the  chemical.  This  number  does 
not  have  lo  be  on  the  labeL  but  will  be  somewhere 
on  each  container.  The  EPA  registration  and  estab- 
lishment numbers  are  identified  beside  the  numbers 
1 0"  and  ~U.~  respectively,  in  figure  3- 1 . 

g.  Directions  for  use.  The  instructions  on  how  to 
use  the  pesticides  are  an  important  part  of  the  label 
for  you.  This  is  the  best  way  you  can  find  out  the  right 
way  to  apply  the  product. 

The  use  instructions  will  tell  you: 

•  The  pests  the  product  is  registered  to  control. 
<  Labels  use  common  names  loc  pests.  Knowing  these 
names  will  help  you  choose  the  proper,  pesticide  and 
find  control  information.) 

•  The  crop,  animal,  or  other  iiem  the  product  can 
t>e  u^ed  on. 

•  Whether  the  product  is  for  general  or  restricted 
use. 

•  In  tthat  form  the  product  shouJd  he  applied. 

•  How  much  to  use. 

•  Where  the  material  should  be  applied. 

•  When  the  material  should  be  applied. 


Thj.s  information  \s  identified  beside  the  numbers 
and       in  figure 


The  misuse  statement  ts  to  remind  you  that  it  is 
a  violation  of  .Federal  law  to  use  a  product  in 
manner  inconsistent  with  its  labeling.  Do  not  use  \£ 
a  product  on  a  crop  or  for  a  pest  not  listed  on  the  fa 
label.  Do  not  use  it  at  more  than  the  recommended 
rate.  Before  the  product  could  be  registered,  EPA 
required  to  manufacturer  to  conduct  many  tests  to  be 
sute  the  label  directions  were  correct.  By  following 
them  exactly^iyou  will: 

•  Get  the  best  results  the  product  can  give.  ~ 

•  Avoid  breaking  the  law. 


This  information  is  identified  beside  the  number 
"3"  in  figure  3-L 

A  reentry  statement,  if  required  for  the  product, 
will  tell  you.  how  much  time  must  pass  before  an 
area  treated  with  the  pesticide  is  safe  for  reentry" 
by  a  person  without  protective  clothing.  Consult 
an  a  ut  ho  native  source  for  special  rules  that  may 
apply.  I 

The  specimen  label  shown  in  figure  3*1  does  hot 
have  a  reentry"  statement  because  it  is  not  applicable. 

The  category  of  applicator*  if  required  for  the  pro- 
duct* will  limit  use  to  certain  categories  of  commer- 
cial applicators.  * 

Although  this  information  is  not  readily  identirK. 
ablev  iws  included  beside  the  number  "6"  fin  fig- 
ure 3-1  i  / 

Storage  and  disposal  directions  must  be  provided 
on  each  pesticide  container  label  to  tell  you  how  to 
store  and  dispose  of  the  product  and  empty  con- 
iaincr$„  \__ 

This  information  is  identified  on  the;  specimen 
label  beside  the  number  *1T  in  figure  3-j/ 

h.  Signal  words  and  symbols.  In  order  ,to  do  their 
job,  /most  pesticides  must  control  the  target  pest. 
3y  their  nature,  they  are  toxic.  Therefore',  some  may 
be  hazardous  to  people.  You  can  tcfJ  the  toxicity  of 
a  product  by  reading  the  signal  word  and  looking  at 
the  symbol  on  the  label. 

The  signal  word  is  one  of  the  most  important  parts 
of  the  label.  It  tells  you  approximately  how  toxic  the 
pesticide  is  to  humans.  The  signal  words  as  provided, 
in  figure  3-2  are  established  by  law.  and  each  manu-" 
facturer  is  required  to  use  the  current  one  on  each 
and  every  label.  In  addition  to  the  "signal  word,  the 
statement  "Keep  Out  of  Reach  of  Children"  must  be 
included  on  each  and  every  label. 

1  The  signal  word  along  with  the  statement  is  identi- 
fied beside  the  number. "v12't  in  figure  3-L 

Now,  refer  to  figure  3-2  and  you  can  see  that  the 
sigriak.word  CAUTION  trial*- is  contained  on  the 
specimen  label  means  that  this  product  has  a  low 
toxicity  or  is  comparatively  free  from  danger  to 
humans. 

The  symbol  is  one  of  the  best  ways  to  catch  a  per- 
son's eye,  and  this  is  why  a  skull  and  crossbones 
.symbol  is  used  on  all  highly  toxic  pesticides  along 
with  the  signal  word  DANGER  and  the  word 
POISON. 
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Signal 
Words 

Toxicity 

Approximate  Amount 
Needed  To  Kill  the 
Average  Person 

DANGER 

Highly 
toxic 

a  taste  to 
a  teaspoonful 

WARNING 

Moderately 
toxic 

a  teaspoonful  to 
a  tablespoonful 

CAUTION 

Low 

toxicity 

or 

comnara- 
tively  free 
from 
danger 

an  ounce 
to  more  than 
a  pint 

All  products  must  bear  the  statement 
TTKeep  out  of  reach  of  children* " 

Figure  3*2,  Signal  words. 


The  specimen  label  provided  in  figure  3-1  docs  not 
have  a  skull  and,  crossbones  because  the  product  is 
not  highly  toxic. 

L  Type  of  formulation.  Different  types  of  pesticide 
formulations  {such  as  liquids*  wettable  powders,  and 
dusts)  require  different  methods  of  handling.  The 
label  will  teil  you  what  type  of  formulation  the  pack- 
age contains.  The  same  pesticide  may  be  available 
In  more  than  one  formulation.  Although  this  infor- 
mation is  not  readily  identifiable  on  the  specimen 
label  provided*  it  can  be  seen  beside  the  number  **2" 
in  figure  3-1. 

j.  Precautionary  statement.  The  precautionary 
statement  will  provide  you  with  information  con- 
cerning the  hazards  to  humans  and  domestic  animals, 
environmental  hazards,  and  physical  and  chemical 
hazards.  This  information  will  be  included  on  the 
pesticide  iabel  if  applicable  to  the  product. 

The  hazards  w  humans  and  domestic  animals 
statement  will  tell  you  the  ways  in  which  the  product 
may  be  poisonous  to  man  and  animals,  it  also  will 
tell  you  iof  any  special  steps  you  should  take  to  avoid 
poisoning,  such  as  the  kind  of  protective  equipment 
needed. 

If  the  product  is  highly  toxic,  this  section  will  in- 
form physicians  of  the  proper  treatment  for  poi- 
soning. 

This  type  of  information  is  identified  beside  the 
number  **13"  in  figure  3-  L 


The  environmental  hazards  statement  is  included 
on  pesticide  labels  to  assist  you  in  avoiding  wrong  or 
careless  use  of  the  product  to  prevent  environmental 
damage. 

Examples  of  this  type  of  information  are  as  follows: 

•  "This  product  is  highly  toxic  to  bees  exposed  to 
direct  treatment  or  to  residues  on  crops.** 

•  **Dcfnot  contaminate  water  when  cleaning  equip- 
ment or  when  disposing  of  wastes.** 

•  Do  not  apply  where  runoff  is  likely  to  occur.** 


Labels  may  contain  broader  warnings  against 
harming  birds,  fish*  and  wildlife." 

This  information  is  identified  beside  the  number 
*M5**  on  the  specimen  label  in  figure  3-L 

The  physical  and  chemical  hazards  statement  will 
warn  you  of  any  special  Hre,  explosion,  or  chemical 
hazards  that  may  be  presented  by  the  product. 

This  information  has  not  been  included  on  the 
specimen  label. 

k.r  Statement  of  practical  treatment.  If  swallowing 
or  inhaling  the  product  or  getting  it  in  your  eyes  or  on 
your  skin  would  be  harmful -the  label  will  tell  you 
emergency  First  ai£  .measures.  It  also  will  tell  you 
what  types^of  exposure  require  medical  attention. 
^ The" pesticide  label  is  the  most  important  informa- 
tion you  can  take  to  the  physician  when'you  think 
someone  has  been  poisoned. 
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The  statement  of  practical-  treatment  is  identified 
beside  the  number  *I4"  in  figure  3-1. 

i  Statement  of  use  classification.  Once  EPA  has 
finished  the  process  of  classifying  all  pesticides  as 
being  in  either  the  general  use  or  restricted  use  cate- 
gory, all  manufacturers  of  pesticides  will  be  required 
by  law  to  identify  each  of  their  products  by  providing 
this  information  on  each  of  their  product  labels. 

EPA  is  classifying  pesticides  into  the  categories 
on  the  basis  of: 

•  The  hazard  of  poisoning. 

•  The  way  the  pesticide  h  used. 

•  Its  effect  on  the  environment. 


DANDER. 
AvitroL 

Restricted  use  pesticide 
for  retail  sale  to  and  ap* 
p ligation  only  by  certified 
applicators. 

Avitrol.  Tulsa*  Oklahoma, 

Handle    with  protective 

gJcrvcs. 

Carbaryi. 

Pfclkt  fona 

3  pounds. 

When  it  should  be  applied. 


10. 
II. 

12. 


Name,  address  of 
manufacturer 
Registration  and  es- 
tablishment number 
Directions  for  use 
Signals  words  and  * 
symbols  /iS- 
Precauuonary  r\ 
statement  J* 
Type  Of  formulation  v 
Statement  of  practi- 
cal treatment 
Statement  of  use 
classification 


The  general  use  category  is  for  pesticides  that 
presem  very  little  or  no  hazard  to  ihe  applicator  or 
the  environment  when  used  exactly  as  identified  by 
the  information  on  the  label. 

■The  label  on  the  general  use  pesticides  will  read 
"General  Classification,** 

The  restricted  use  caiegory  is  for  pesticides  ihat 
could  cause  some  human  injury  or  environmental 
damage  even  when  used  as  directed  on  the  label.  The 
label  on  these  products  will  say: 

"Restricted  use  pesticide  for  retail  sale  io  and  ap- 
plication only  by  certified  applicators  or  persons  under 
iheir  direct  supervision.  * 

The  restricted  use  staiement  must  be  at  the  iop  of 
the  front  pane)  of  the  label. 

The  specimen  label  that  Is  illustrated  in  figure  3-1 
does  not  contain  the  information  pertaining  to  its 
category  of  use  because  it  has  not  been  developed. 

As  you  have  seen,  ihe  pesticide  label  contains  much 
information,  although  some  of  it  is  not  readily  de- 
picted. You  must  train  yaurseJf  to  always  read  the 
pesiicide  coniainer  label  and  follow  all  instructions 
provided  on  this  document  to  proteci  all  environ- 
mental elements  as  much  as  possible. 


Exercises  (23S): 

1.  What  is  the  purpose  of  pesticide  labels? 


2.  The  pesticide  label  is  used  as  a  guideline  for 


3.  A  skull  and  crossbones  is  used  on 


4.  Match  column  A  with  column  B. 


Column  A 

EPA  Reg.  N».  LIM9- 1 

_t>.*W  Jncrr. 

-c  If  swallowed  induce  vomit- 
ing and  caU  a  physician. 


Cu/umn  B 
Brand  name 
Common  name 
Ingredient  •aacemerit 
Net  conteni 


239,  Specify  the  location  in  which  an  entomology 
facility  should  be  located  and  identify  the  functional 
areas  that  should  be  contained  within  an  entomology 
faculty. 

/  > 

Facility  Requirements  for  Entomology  Sections. 
Having  the  proper  entomology  facility  is  just  as 
important  to  the  safety  mission  as  wearing  protec- 
tive equipment  and  should  be  enforced  just  as  em- 
phatically; however,  like  trying  to  justify  preventive 
pesi  management  programs  as  opposed  to  corrective 
pest  management  programs  to  higher  levels  of  man- 
agement, it  is  your  responsibility  to  submit  sufficient 
justification  to  obtain  an  adequate  entomology  facility. 

There  are  several  publications  available  that  will 
identify  the  location,  construction  design,  and  fur- 
nishing that  is  required  for  an  entomology  section 
which  may  assist  you  in  preparing  the' justification, 
if  needed,  ._ 

If  there  is  only  one  inadequate  entomology  facility 
within  the  Au,  Force,  this  consiituies  Car  too  many 
inadequate  facilities  for  safe  storage  of  pesticides 
and  pesticide  dispersal  equipment,  mixing  of  pesti- 
cides, and  personnel  hygiene  and  protection. 

The  purpose  of  this  objective  is  to  identify  the 
location1  and  type  of  faciliiy  ihai  should  be  utilized 
for  an  entomology  shop  and  to  identify  the  basis  for 
justification, 

Faciiity  location.  Eniomology  shops  and  other 
facilities  that  are  utilized  for  storage  of  pesticides 
and  pesticide  dispersal  equipment  must  be  located  in 
an  area"  se  pa/ate  from  other  acrivitics\to  preveni  con- 
tamination to  the  environment  and  to  personnel  dur- 
ing normal  operations  or  in  case  of  fire  or  pesticide 
spills.  Entomology  shops  or  any  other  area  that  is 
utilized  for  storing  entomological  equipment  and  sup- 
plies must  not  be  utilized  jointly  wiih  any  other 
activity  or  function  due  to  the  unique  hazards  pre- 
sented by  pesticides  of  various  rypes. 

These  requirements  are  outlined  in  EPA  Standard 
40CFR  165.10  <b). 

Facility  layout.  An  entomology  shop  must  contain 
adequate  space  and  specific  functional  areas  to  com- 
ply with  safety  and  medical  directives. 
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A  facility  that  is  utilized  as  the  focal  point  for 
entomological  functions  must  contain  the  following 
areas  as  a  minimum; 

•  Insecticide  storage  area, 

•  Herbicide  storage  area. 

•  Pesticide  dispersal  equipment  storage  area. 

•  Pesticide  dispersal  equipment  wash  area. 

•  Pesticide  mixing  area, 

•  Personal  hygiene  area. 

•  Office  area. 

"  Facility  design.  In  order  for  an  entomology  shop 
to  be  adequate  for  performing  entomological  func- 
tions safely,  the  functional:  areas  within  the  facility 
must  be  designed  to  meet,  at  least,  the  minimum 
safety  requirements  that  are  outlined  in  EPA  and 
OSHA  Standards,  NEC  (National  Electrical  Code) 
Articles,  and  Air  Force  publications, 

j.  General  facility  design.  Entomology  facilities 
must  be  designed  to  provide  sufficient  space  to 
permit  the  "proper  t storage, of  all  pesticides  and 
pesticide  dispersal  equipment,  the  installation  of 
required  safety  items  within  the  mixing  and  form- 
mulating  area,  required  items  for  personal  hygiene 
to  be  installed,  the  installation  of  required  office 
equipment,  and  the  installation  of  a  wash  area 
for  equipment. 

In  addition  to  sufficient  Space,  the  following 
requirements  exist 

(1)  The  ceiling  "height  j)(  this  facility  must  be 
a  minimum  of  VA  feetT'OSHA  Standard  29  CFR 
I910,37(i). 

.  (2)  There  must  not  be  any  projections  extending 
from  the  ceiling  that  are  less  than  6  2/7  feet.  OSHA 
Siandard  29  CFR  1910.37(1). 

(3)  Floors  must  be  constructed  oi  concrete  or 
impervious  material  to  facilitate  easy  cleanup  of 
pesticide  spills  and  must  be  of  nonsllp  design. 
EPA  Standard  40  CFR  165.10(c)  (4). 

(4)  There  must  be  at  least  two  unobstructed 
exits  for  each  confined  space,  OSHA  Standard 
29  CFR  1910.36(b)  (8). 

(5)  All  exits  must  be  at  least  2xh  feet  wide. 
OSHA  Standard  29  CFR  1910.37(f)  (6). 

(6)  AN  doors  within  the  facility  must  open  out- 
ward (when  exiling  from  the  area  being  sealed  off)* 
AFR  127-101.  Chap  6.  paragraph  4-1.a.(5). 

(7)  Fire  exits  must  be  equipped  with  panic  hard- 
ware. AFR  127-IOL  Chap  6,  para  4-l.a.(5). 

(3)  Fire  exttj  must  be  identified  with  illuminated 
signs  ihat  are  i"  red  letters  on  a  white  background  or 
vice  versa.  AFR  127-101,  Chap  4.  para  4-La.(10)  (a). 

(9)  The  facility  must  be  provided  with  the  proper 
quantity  and  quality  of  illumination  for  each  func- 
tional area.  (The  proper  quantity  of  light  is  regulated 
or  determined  by  the  minimum  standards  established 
in  AFM  88-15'and  AFR  127-101,  Chap  5.  para 
5^t.b,M).).  ^ 

HQ)  Electrical  outlets  and  switches  must  be 
properly  grounded  and  wired  for  polarity,  NEC 
Article  210-7.  '* 


(11)  There  must  be  a  specially  designed  area  that 
is  paved  or  lined  with  impervious  material  with. a 
closed  drainage  system  for  equipment  washing. 
EPA  Standard  40  CFR  165. 10(c)  (4). 

(12)  Hot  and  cold  potable  water  must  be  readily 
available  within  the  facility.  OSHA  Standard 
29  CFR  1910.141(b). 

It  is  recognized  that  this  list  is  not  a  complete 
listing  of  all  the  general  designs  for  an  entomology 
facility;  however,  it  does  provide  you  with  the  basics. 
Others  will  be  identified  as  the  discussion  continues 
with  the  design  requirements  for  each  functional  area. 

b.  Pesticide  storage  areas.  Entomology  facilities 
must  be  designed  to  provide  safe  storage' of  pesti- 
cides. The  pesticide  storage  facility  requirements 
are  as  follows: 

(1)  All  facilities  utilized  for  storing  pesticides 
must  be  enclosed  with  a  climb-proof  fence  to  ex- 
clude unauthorized  personnel.  EPA  Standard  40  CFR 
165.10(c)(1). 

(2)  Pesticides  must  be  separated  into  like  sub- 
stances and  stored  in  separate  areas  because  unlike 
substances  may  possibly  react  witlTeach  other,  which 
could  present  potential  explosion  and  fire  hazards. 
AFM  127-101,  Chap  6,  para  *6-8e. 

(3)  Pesticide  storage  areas  must  be  constructed  to 
contain  water  and  other  materials  used  in  firefightmg., 
EPA  Standard  40  CFR  165.10(g)(2)- 

(4)  Electrical  outlets,  switches,  and  lighting  must 
be  explosion-proof .  AFR  127-101,  Chap  6y  para  6-Se. 

(5)  Adequate  ventilation  (a  complete  change  of  air 
within  the  room  at  least  six  times  per  hour)  must  be 
provided.  OSHA  Standard  29  CFR  1910.106(dX4) 
and  AFR  127-101,  Chap  &l>ara  6-Sj. 

(6)  Doors  and  windows  must  contain  locks  that 
are  designed  to  prevent  the  possibility  of  entrapment 
within  the  storage  area.  AFR  91-21.  para  5a. 

{7\  Pesticide  storage  areas  should  be  insulated' to 
prevent  freezing  and  overheating  and  must  be  fire- 
resistant.  AFR  127-101,  Chap  12,  para  !2-28a. 

(&)  Sufficient  illumination  must  be  provide^  as 
prescribed  by  AFM  88-15,  AFR  127-101.  Chap  5, 
para  5-4  b(l).  " 

c.  Equipment  storage  and  maintenance  area. 
The  entomology  facility  must  be  designed  for  stor- 
ing pesticide  dispersal  equipment  to  provide  se- 
curity and  to  facilitate  pre  inspect  ions,  mainte- 
nance, and  filling. 

The  equipment  storage  area  should  be  large 
enough  to  store  all  hand-  and  power-operated  dis- 
persal equipment  and  should  be  provided  with  a 
large  workbench. 

Since  entomology  personnel  are  required  to  per- 
form all  maintenance  within  their  capability  (minor 
or  major)  on  all  types  of  pesticide  dispersal  equip- 
ment and  most  equipment  reconditioning  occurs 
during  the  coldest  time  of  the  year,  the  facility 
should  be  designed  with  an  exhaust  ventilation  sys- 
tem to  remove  carbon  monoxide  while  equipment  is 
being  checked  and  tuned. 


d.  Pesticide  mixing  area.  The  following  facility 
requirements  exist  for  the  pesticide  mixing  area: 

(1)  A  deep  stainless  steel  sink  for  mixing. 
{2)  Hor  and  coki  warer. 

(3)  Eyewash.  AFR  127-10U  Chap  3.  para  3-31d. 
14)  Deluge   shower.    AFR    127-101.   Chap  3. 

para  3-3 Id. 

(5)  Exhaust  ventilation  with  hood  over  the  mixing 
sink.  AFR  127-iOI,  Chap  3,  para  30ie. 

<6)  A  rack  for  drying  and  storing  small  pesticide 
sprayers,  and  measuring  and  mixing  equipment, 

{!)  Sufficient  illumination,  which  is  of  utmost 
importance.  AFR  127-101.  Chap  5.  para  5-4  b<l). 

e.  Personal  hygiene  area. \  An  entomology  facil- 
ity must  be  equipped  with  a  suitable  personal 
hygiene  area  to  encourage  and  facilitate  persona] 
cleanliness. 

The  following  requirements  exist  for  the  personal 
hygiene  area  in  accordance  with  AFR  127-101, 
Chap  5-,  para  5-10  a  {!): 

(I)  Shower.- 

{2)  Lavatory. 
'  13)  Commode. 

(4)  Personal  lockers.  . 

(5)  Towel  dispensers. 

(6)  Washing  machine. 

(7)  Dryer: 

/  Office  area.  An  office  area  must  be  provided 
for  entomological  functions  and  should-  be  fur- 
nished with  the  foJIowing  equipment: 

(1)  Office  desk. 

(2)  Filing  cabinet. 

(3)  Chairs. 


The  office ,  should  be  sealed  to  prevent  toxic 
pesticide  vapors  and  be  properly  ventilated  and 
illuminated. 

If  you  know  for  a  lac:  or  even  (suspect  that  the 
entomology  shop  to  which  you  are  assigned  is  not 
adequate  or  does  net  comply  with  the  standards 
established  by  EPA  and  OSHA  with  regard  to  tts 
location  or  layout*  you  should  bring  this  to  the  atten- 
tion ot  your  supervisor,   .  ■„  - 

In  order  to'  have^your  suspicions* confirmed  or  have 
the  discrepancies  corrected,  you  must  first  expend  all 
efforts  through  the  chain  of  command  established  for 
you:  and  secondty.  if  no  action  has  been  taken  by  Any- 
one within  your  chain  of  command,  you  may  have  to 
bring  these  discrepancies  Co  the  aitenrion  o.  the 
Ground  Safety  Office  of;Me<J^al  Services.  Remem- 
ber, it  is  your,  responsibility  to  do  everything  within 
your  ability  to  protect  che'environment*  yourself,  and 
everyone  else  from  the  hazards  associated  with  pesti- 
cides* \ 

NOTE:  Technical  guidance  and  assistance  \*  avail- 
able through  EPA  and  OSHA  Regional  Offices  to 
answer  any  questions  you  "may  ha\e  with  regard  to 
the  environment  and  industrial  safety, 


Exercises  (239): 

I.  Where  should  the  entomology  facility  be  located 
with  respect  to  other  activities? 


fa 


Z  What  type  floor  should  be  in  the  entomology  shop 


area; 


3.  What  is  the  minimum  ceiling  height  of  the  ento- 
mology shop  area?  \ 


4.  Place  an  X  in  front  of  those  functional  areas 
which  are  located  in  the  entomology  facility^ 

 a.  Recreational  area 

 K  Insecticide  storage  area 

 c.  Chemical  laboratory 

 d.  Herbicide  storage  area  - 

 e.  Dining  area*. 

— _  f-  Pesticide  dispStsai  equipment  storage  area 

 g.  Chemical  storag&*area 

L  h.  Paint  storage  area 

 ir  Pesticide  dispersal  equipment  wash  area 

j"  Pesticide  mixing  area 

 k.  Spray  booths 

 J-  Personal  hygiene  area 

 m. Office  area' 


-  \ 

5.  .Where  can  you  find  the  minimum  safety  require-  \ 
ments  for  an^entomology  facility? 


6_  Why  mui  pesticides  be  separated  into  Uke  sub- 
stances and  scored  in  separate  areas? 


7.  To  reduce  the  possibility  of  breaking  toxic  vapors 
while  mixing"  pesticides  indoors,  what  should  the 
mixing  area  contain?-  ^ 


8.  Adequate  ventilation  within  a  pesticide  storage 
room  is  described  as  being  when  there  is  a -com- 
plete change  of  air  within  the  room  at  least  

times  per  hour.  -  "V 

■  ■  )  "  V  ' 


9,  Jn  what  ar^ea  of  an  entomology  facility  should  the 
diluge  shower  be  installed? 


240.  Specify  selected  pesticide  storage  precautions 
and  requirements* 


Storage  Precautions,  To  reduce  ot  prevent  explo- 
sion and  fire  hazards  and  to  protect  yourself  and 
others  from  pesticide  poisoning  while  pesticides  and 
equipment  are  being  scored,  the  following  precautions 
must  be  taken: 

(1)  Pesticides  must  be  stored  in  accordance  with 
label  recommendations. 

(2)  All  pesticide  and  pesticide  dispersal  equip- 
ment storage  areas  must  be  kept  locked  when  not 
in  use. 

(3)  Pesticides  must  be  stored  out  of  reach  of 
children. 

(4)  Exhaust  ventilation  must  be  turned  on  prior 
to  entering  storage  areas. 

(5)  The  "No  Smoking,  eating,  or  drinking  rule" 
must  be  observed  while  in  storage  areas. 

(6)  Unlike  pesticide  substances  musi  be  stored 
separately. 

U)  Excess,  illegal,  and  expired  shelHife  pesti- 
cides must  -be  segregated  and  stored  separately  ac- 
cording to  the  method  of  disposal 

(8)  Each  storage  area  must  be  properly  identified 
as  to  the  type  of  substance  contained  and  labeled  on 
trie  outer  surface/6?  the  door. 

(9)  Warning  iighs  that  read  "Warning— Pesticide 
Storage"  or  other  similar  signs  must  be  posted  on 
each  visible  side  of  the  storage  area. 

(10), A  list  of^hemicals  contained  within  the  stor- 
age area  tnust  be  posted  on  the  outer  surface  of  each 
door. 

(13)  Names*  addresses,  and'^phone  numbers  of 
individuals  to  contact  in  case  of  emergency  must  be 
posted  on  the  outer  surface  of  each  door. 

(12)  Ft  re  protection  procedures  must  be  posted  On 
outer  wall  near  the  door. 

(13)  Cleanup  procedures  for  pesticide  spills  and 
for  the  disposal  of  contaminated  items  must  be  posted. 

(14)  Presticides  must  be  continually  stored  in  con- 
tainers that  are  sound.  *  . 

(15)  All  pesticide  containers  must  be  labeled  and 
plainly  visible. 

-(16)  Combustible  materials  must  be  labeled  as 
such. 

(.17)  Pesticide  containers  muse , be  inspected  fre- 
quency for  deteriorated  conditions.  * 

(18)  If  pesticides  are  transferred  from  deteriorated 
containers  to  sound  containers  Or  frori  one  container 
to  "another,  utilize  the  same  type  of  container  and  be 
sure  to  label  it  with  the  same  information  chat  was  on 
the  previous  one. 

(19)  Pesticides  must  nOi  be  stored  in  empty  food 
or  drink  containers.  - 

(20)  AIJ  pesticide  containers  must  be  kept  sealed 
during  storage. 

(21)  Pesticide  container?,  must  be  stored  in  rows 
to  permit  easy  visibility  of  labels  and  easy  access. 


(22)  Containers  that  areS  gallons  or  larger  must 
be  stored  at  very  low  levels.  * 

(23)  All  glass  containers  must  be  stored  at  low  > 
levels  in  unbreakable  encasements. 

(24)  Pesticides  with  the  least  shelf  life  remaining 
should  be  used  "first-    "  .   *  - 

(25)  Pesticide    dispersal    equipment-  must  be 
labeled  "Contaminated  with  Pesticides*" 

(26)  Absorptive  clay,  hydraced  lime,  or  deter- 
gents must  be  available  for  emergency  cleanup  of 
pesticide  spills. 

(27)  Appropriate    fire   extinguishers    must  be 
readily  available. 

(28)  The  medical  department  must  be  notified, 
in  writing,  of  the  types  of  pesticides  being  stored 
and  of  their  hazards. 

(29) .  The  fire  department  must  be  provided  with 
a  floor  plan  of  each  storage  area  identifying  the 
types  and  location  of  the  various  pesticides. 

.  (30)  The  fire  chief  muse  be  provided  the  home 
and  business  telephone  numbers  of  storage  custo- 
dians. EPA  regional  administrator,  and  the  Pesti- 
cide Safety  Team  Network  of  the  National  Agricul- 
tural Chemical  Association. 

If  these  general  storage  ^precautions  are  observed 
"at  all  times,  hazards  presented  by  pesticides  to  the 
environment,  yourself,  and  othersc  will  be  reduced 
greatly. 


Exercises  (240):  . 

1.  Where  must  a  list  of  chemicals  contained  within 
the  storage  area  be  posted? 


2,  What  are  the  requirements  for  storing  excess* 
illegal,  and  expired  shelf-life  pesticides? 


3.  Exhaust  ventilation  must  be  turned  on. 
to  entering  the  storage  area. 


4.  Pesticides  must  continually  be  stored  in  con- 
tainers that  are  :  


5.  Pesticide  containers  must  be  stored  in  rows  to 

permit  visibility  of  labels  and  

 access,  * 


6.  Wiiat  items  of  equipment  must  be  readily  available 
in  storage  areas  in  case  of  fire?' 


82 


241.  Cite  selected  pesticide  mixing  precautions  and 
requirements. 


Mixing  Precautions.  This  phase  of  pesticide  han- 
dling is  very,  important  to  you  because  it  is  the  phase 
in  which  you  are  most  apt  to  be  contaminated  with 
the  most  toxic  form  of  the  pesticide.  To  reduce  or  pre- 
vent possibilities  of  being  contaminated,  the  following 
precautions  must  be  observed: 

(1)  Read  the  pesticide  label  and  follow  the  pre- 
scribed mixing  instructions. 

(2)  Wear  required  safety  protective  equipment 
(Section  3-3  of  this  chapter). 

(3)  Keep  children  and  other  unauthorized  persons 
out  of  mixing  area. 

{4)  Mix  pesticides  in  a  well-ventilated  area* 

(5)  Adhere  to  ihe  "no  smoking,  eating*  or  drink- 
ing rule"  while  mixing  pesticides. 

(6)  Mix  pesticides  in  a  well-lighted  area. 

(7)  Mix  pesticides  in  an  area  that  is  capable  of 
preventing  spilled  pesticides  from  contaminating 
other  areas. 

(S)  Insure  that  showers  and  washing  facilities 
are  available  within  the  immediate  area  of  mixing  for 
personal  decontamination  in  case  of  pesticide  spills 
or  splashes. 

(9)  Know  the  first  aid  measures  to  be  taken  for 
the  pesticide  being  mixed. 

(10)  Utilize  the  buddy  system  when  possible. 

UJ)  Open  bagged  pesticide.  c&n:ainer*  with  a 
sharp  knife  instead  of  tearing. 

(12)  Close  all  containers  immediately  after  use 
and  place  them  back  in  proper  storage, 

413)  Keep  pesticide  containers  below  eye  level 
during  mixing  to  prevent  splashes  to  the  face. 

{14}  Mix  only  the  amount  of  formulation  needed. 

(15)  Avoid  electrical  and  Fire  hazards. 

H6)  Clean  all  equipment  used  during  the  mixing 
operation  that  is  not  required  to  be  used  during  the 
application  and  hang  for  drying  is  necessary. 

Thchc  precautions  that  have  been  identified  are 
the  basic  precautions  to  be  taken  in  protecting  your- 
self and  others  and  to  prevent  property  and  environ- 
mental damage.  There  are  others  thai  you  will  prob- 
ably think  oi\  which  is  good*  because  the  more 
precautions  you  take  the  safer  the  operation  will  be. 


Exercises  (241): 

1 .  Mix  pesticides  in  a  weil  :  and  

 area. 

2.  Know  the  measures  to  be  taken  for 

the  pesticide  being  mixed. 

3.  Mix  only  the  _of  forrpulaiion  needed. 

4_-  Keep  pesticides  betow  level  during 


5.  Adhering  to  mixing  precautions  is  very  impor- 
tant because  this  phase  of  pesticide  handling  is 

the  phase  in  which  you  are  most  apt  io  be  — 

  with  the  most  J   form  of 


the  pesticide. 


'4 


242*  Point  out  selected  pesticide  transporting  pre- 
cautions and  requirements. 


mixing  to  avoid  splashes  to  ihc . 


Transporting  Precautions.  Pesticides  can  present 
many  hazards  to  the  environment  yourself,  and 
others  if  they  are  transported  without  the  knowledge 
of  how  to  do  it  safely  and  without  adhering  to  the 
basic  safety  precautions. 

The  vehicle  and  the  dispersal  equipment  used  in 
transporting  pesticides  are  important  in  this  phase 
of  handling  pesticides,  because  if  the  wrong  type 
vehicle  and  delapidated  equipment  are  used,  many 
hazards  are  presented. 

Each  vehicle  used  for  transporting  pesticides  must 
be  assigned  directly  to  the  entomology  section  and 
is  njot  to  be  loaned  to  other  units*  because  this  vehicle 
has  become  contaminated  with  pesticides  and  will 
present  unnecessary  and  unwarranted  hazards  to 
others*  -  - 

The  vehicle  must  be  the  type  that  contains  num- 
erous locked  storagecompartments  for  storing  various 
types  of  pesticides,  supplies*  equipment,  and  tools 
during  transport  and  for  conducting  entomological 
operations  throughout  the  base  area.  Such  locked, 
compartments  prevent  access  of  any  of  these  items 
by  children  and  other  unauthorized  people  while  un- 
attended by  entomology  personnel. 

To  prevent  undue  exposure  to  toxic  vapors  and 
splashes  to  driver  and  passengers,  the  vehicle  must 
be  designed  so  that  these  storage  compartments  are 
not  within  the  same- enclosure  that  is  occupied  by 
the  driver  and  passengers. 

In  addition  to  these  requirements-  the  vehicle  must 
provide  complete  visibility  within  all  directions  and 
be  capable  of  traveling  and  towing  equipment  over 
almost  all  types  of  terrain.  Complete  visibility  is  nec- 
essary to  prevent  vehicular  and  pedestrian  accidents 
and  to  monitor  the  operation  of  powered  dispersal 
equipment  being  towed. 

Pesticide  dispersal  equipment  used  in  transport- 
ing pesticides  must  be  in  good  repair  to  prevent  . 
dripping  and  splashing  of  pesticides  during  the 
travel,  thus  reducing  contamination  of  the  environ- 
ment and  hazards  to  children  and  others. 

The  following  precautions  must  be  observed  dur- 
ing the  transport  phase  of  pesticide  handling: 

(J)  Read  the  pesticide  label' arid  follow  special 
instructions  for  transporting  pesticides  when  given, 

(2)  Wear  required  safety  protective  equipment 
while  loading  and  unloading  pesticide  equipment. 

O)  Keep  children  and  other  unauthorized  people 
away  from  vehicle  and  equipment. 


(4)  Label  pesticide  dispersal  equipment  as  being 
contaminated  with  pesticides.  Use  signs  .that  are 
large  enough  to  provide  easy- visibility  and  one  that 
can  be  understood  by  everyone. 

(5)  Keep  all  storage  compartments  locket!  at  all 
times, 

(6)  Drive  slowly  and  avoW  quick  short  tnms  to 
prevent  pesticide  spills.  * 

(7)  Know  the  first  aid  procedures  to  be  taken  for 
pesticides  being  transported  and  be  oriented  at  all 
times  as  to  locations  where  assistance  can  be  ob- 
tained. 

(8)  Insure  that  emergency  procedures  and  tele- 
phone numbers  are  available  in  the  vehicle  in  case 
of  pesticide  spills  and  traffic  accidents. 

(9)  Insure  that  a  CO;  fire  extinguisher  is  avail- 
able and  secure  on  the.vehicle  used  for  transporting 
pesticides. 

(10)  Insure  that  vehicles  and  equipment  are  in 
safe  operational  condition. 

(11)  A  container  of  water  should  be  available  on 
the  vehicle  for  emergency  decontamination  of  eyes 
and  skin  in  the  event  of  pesticide  spills  and  splashes 
to  the  body. 

( I2X  Transport  all  pesticides  in  unbreakable  con- 
tainers. 

(13)  Insure  that  all  pesticide  containers  being 
transported,  except  for  equipment,  have  a  complete 
EPA  label  on  each. 

(14)  Insure  that  safety  chains  aiK*  'ocking  pins 
are  in  place  prior  to  towing  dispersal  equipment. 

There  have,  been  many  cases  of  accidental  poison-* 
ings  that  have  occurred  due  to  unsafe  transporting 
of  pesticides.  Most  of  these  poisonings  occur  to  chil- 
dren while  the  vehicle  being  used  to  transport  pesti- 
cides, is  left  unattended  with  no  safe  way  to  secure  it 
from  reach.  Remember,  you  have  the  responsibility 
to  insure  that  every  precaution  available  is  taken  to' 
transport  pesticides  safely  because  you  are  the  one 
who  is  knowledgeable  of  the  hazards  that  are  presented 
by  pesticides. 


Exercises  (242): 

I.  The  iransporu. :  vehicle  must  contain  numerous 

 compartments  for  storing  pesticides. 

2_  Keep    and    other  unauthorized 

away  from  the  transporting  vehicle 


243v  Specify  selected  pesticide  application  precau 
tjons  and  requirements* 


and  equipment. 

3.  Pesticide  dispersal  equipment  used  in  transport* 

ing  pesticides  must  be  in  good   to 

prevent  dripping  and  splashing  of  pesticides. 

4.  Vehicles  used  for  entomological  operations  must 
be  assigned  directly  to  the  1  section. 

5.  To  identify  pesticide  dispersal  equipment  as  being 

contaminated  with  pesticides,  a   must 

be  placed  On  the  equipment. 

6.  Keepzll  compartments  ^_ 

at  all  times. 


Application  Precautions.  It  is  in  this  phase  of  pesti- 
cide handling  that  most  possibilities  of  contaminating 
the  environment,  yourself,  and  others  with  pesticide 
formulations  exi^t.  This  phase  also  presents  the  most 
possibilities  of  vehicular  and  pedestrian  accidents. 

As  though  these  are  not  enough  hazards  presented 
during  the  pesticide  application  phase,  there  are 
others,  such  as  fire  and  electrical  hazards;  contamina- 
tion of  food  and  beverages  through  direct  or  indirect 
methods;  and  causing  damage  to  facilities,  facility 
furnishing,  and  wearing  apparel. 

Because  of  the  varied  situations  that  are  involved 
in  this  phase  of  pesticide  .handling,  the  precautions  to 
be  taken  will  be  separated  into  general,  outdoor,  and 
indoor  application  precautions. 

General  application  precautions.  The  general  ap- 
plication precautions  that  must  be  taken  areas  follows: 

(1)  Select  the  mosr^safe  and  effective  pesticide 
and  pesticide  formulation  for  each  pest  management 
program, 

(2)  Read*and  follow  all  instructions  provided  by 
the  pesticide  label. 

(3)  Inspect  all  safety  protective  equipment  to  be 
used  and  make  necessary  corrections. 

(4)  Wear  all  required  safety  protective  equipment 
for  the  type  of  pesticide  and  pesticide  formulation  to 
be  applied  and  the  operation  being  performed. 

(5)  Adhere  to  the  "No  smoking,  eating,  or  drink- 
ing trie"  while  applying  pesticides. 

(6)  Know  the  hazards  that  may  be  presented  to 
the  environment,  property,  people,  and  other  non- 
target  organisms  by  the  pesticide  to  be  used. 

>  (7)  Insure  that  all  pesticide  spills  are  promptly 
cleaned  up. 

(8)  Plan  ahead  to  determine  the  action  to  be 
taken  in  case  of  accidental  poisoning  or  other  acci- 
dents that  may  be  involved  in  the  application  of 
pesticides. 

(9)  Know  first  aid  measures  and  antidotes  to  be 
taken  for  the  pesticide  selected  to  be  used. 

(10)  Know  emergency  telephone  numbers  of  medi- 
cal and  fire  departments. 

(11)  Keep  a  fire  extinguisher  readily  available 
that  is  suitable  for  the  type  of  j-^ticide  formulation 
being  used, 

(12)  Insure  that  all  areas  in  which  pesticides  are 
being  applied  are  vacated  of  untrained  people  while 
pesticides  are  being  applied. 

(13)  '  Insure  that  a  change  of  clothing,  water,  and 
soap  is  available  within  the  immediate  vicinity  of 
where  pesticides  are  being  applied  in  case  of  con- 
tamination. 

(14)  Select  the  most  safe  and  effective  item  of 
pesticide  dispersal  equipment  to  be  used  for  the  pesti- 
cide formulation  and  the  area  in  which  it  is  to 
be  used. 


S4 


18. 


(L5)  Perform  a  preoperational  inspection  on 
equipment  Co  be  used  to  insure  that  is  is  operational 
and  does  not  Leak. 

(16)  Insure  tnat  equipment  is  properly  calibrated 
for  the  rate  of  application  required. 

(17)  Insure  that  equipment  being  pulled  by  a  ve- 
hicle is  properly  secured  with  safety  chains  and 
lock  pins. 

(18)  Insure  there  are  no  obstructions  to  visibility 
while  applying  pesticides.  If  there  are.  half  opera- 
tions* and  arrange  for  escon  or  assistance. 

(19)  Utilize  the  buddy  system  when  performing 
operations  that  require  towing  dispersal  equipment 
and  the  use  of  highly  toxic  pesticides. 

(20)  Apply  pesticides  only  after  alt  hazardous 
aspects  have  been  analyzed  and  it  has  been  deter* 
mined  that  all  foreseeable  hazards  have  been  elimi- 
nated. 

(21)  Release  all  pressure  from  pesticide  dispersal 
equipment  following  application, 

(22)  Clean  all  equipment  that  has  been  used. 

(23)  Always  wash  yourself  and  change  clothing 
following  application. 


Outdoor  application  precautions.  The  following 
outdoorapplication  precautions  must  be  taken  in  addi- 
tion to  the  general  application  precautions  previously 
identified: 

\ 

(1)  Know  the  topography  of  the  terrain  to  avoid 
contamination  of  underground  water  sources,  streams, 
ponds,  rivers,  and  lakes. 

(2)  Observe  windspeed  and  direction. 

f3)  Keep  upwind  from  the  direction  of  pesticide 
drifts. 

(4)  Reduce  drifts  as  much  as  possible. 

(5)  Avoid  contamination  of  nontarget  areas  and 
organisms. 

(6)  Inform  personnel  of  pesticides  that  are  to  be 
used,  the  signs  and  symptoms  that  are  characteristic 
ot  the  pesticide,  and  the  precautions  that  can  be  taken 
by  them  when  pesticides  are  being  applied  within 
close  proximity  of  their  habitations  or  work  areas, 
NOTE:  If  the  program  is  to  be  conducted  basewide, 
notify  ah  personnel  by  using  the  Daily  Bulletin  and/ or 
ba^e  newspaper. 

(7)  Avoid  direct  application  of  pesticides  to  power 
lines,  transformers,  and  transformer  banks. 

(8)  Avoid  traveling  over  terrain  that  could  over- 
turn vehicles  or  equipment. 

(9)  Avoid  direct  application  of  pesticides  to  ve- 
hicles, pets,  pedestrians,  and  other  people  outdoors. 

( 10)  Insure. thai  vehicle  and  towed  equipment 
Lights  are  operable  and  on,  including  emergency 
flashers,  while  applying  pesticides  from  roadways. 

(1  I)  Be  escorted  by  an  escort  vehicle  while  con- 
ducting fogging'ope  rat  ions  within  base  housing  areas. 

(12)  Do  not  exceed  5  mph  while  applying  pesti- 
cides from  vehicles. 


If  these  precautions,  along  with  the  general  precaut- 
ions are  observed,  the  outdoor  application  operations 
will  be  much  more  safe  and  effective. 

indoor  application  precautions.  The  following  in- 
door application  precautions  must  be  taken  in  addition 
to  the  general  application  precautions  previously 
identified: 

(1)  Prior  to  indoor  application  of  pesticides,  con-  / 
duct  a  survey  to  determine  the  type  and  location  of  / 
pests,  degree  oljnfestation,  potential  hazardous  con? 
ditions  that  exist,  and  the  actions  that  must  be  taken  / 
prior  to  actual  accomplishment.  / 

(2)  Make  appointments  with  responsible  building  ' 
occupants  as  to  the  date  and  time  that  treatment  will 
be  accomplished  and  inform  them  of  the  type  ana* 
characteristics  of  the  pesticide  to  be  used  and  the  pre* 
cautions  and  actions  that  must  be  taken  by  them  such 
.as  building  preparations,  safe  reentry  times/  and 
cleanup  instructions.'"  /  - 

(3)  Insure  that  all  dishes,  utensils,  food  contain- 
ers, food,  beverages,  stored  products,  tobaccos,  and 
smoking  equipment  are  removed  or  covered. 

(4)  Avoid  the  application. of  liquid  pesticidal  for- 
*  mutations  to  electrical  panel  boxes,  outlets,  switches* 

lighting,  and  fires. 

(5)  Insure  that  ail  electricity  and  heat  sources  are 
turned  off  at  the  building's  primary  source  when 
fumigants  and  volatile  formulations  are  being  applied 
indoors. 

(6)  Avoid  the  application  of  pesticides  to  interior 
portions  of  refrigerators  and  ovens  to  prevent  toxic 
vapors  of  pesticides  from  being  transferred  to  foods 
that  are  contained  within. 

(7)  Do  not  apply  pesticides  to  closets  and  drawers 
unless  all  items  have  been  removed. 

(8)  Do  not  apply  residual  sprays  or  dusts  to  floors 
and  baseboards  in  areas  where  small  children  (infants 
and  toddlers)  sleep  and  play. 

(9)  Do  not  apply  pesticidal  baits  in  areas  that  are 
accessible  to  children  and  pets. 

(10)  Avoid  applying  pesticides  directly  overhead 
by  keeping  the  equipment  orifice  extended  away  from 
and  in  front  of  you, 

(1 1)  insure  that  fish  aquariums,  are  turned  off  and. 
covered  or  removed,  because  aquatic  organisms  are 
the  m ost.se nsitive  forms  of  life  to  pesticides. 

(12)  Insure  that  indoor  plants  are  removed  of 
covered  when  volatile  formulations  are  to  be  applied 
indoors. 

The  application  precautions  identified  in  this  ob- 
jective are  only  the  basic  precautions  that  should  be 
adhered  to  and  are  not  irftended  tobe.  rniscontnied  as 
the  only  precautions  that  must  be  taken.  It  is  to  your 
benefit  and  others  that  all  of  these  precautions — along 
wirh  the  ones  thai  you  think  of  and  the  special  ones 
that  are  identified  on  each  pesticide  container— be 
observed,  ft  is  not  only  to  your  benefit;  it  is  your  re- 
sponsibility to  follow  all  precautions  possible  when 
applying  pesticides, 
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Exercises  (243): 

I.  When  applying  pesticides,  insure  that  all  pesticide 
 axe  promptly  cleaned  up. 


2-  Insure  that  the  equipment  is  properly, 
for  the  rate  of  application  required. 


3-  When  applying  pesticides  outdoors,  reduce , 
 as  much  as  possible. 


4.  En  addition  to  presenting  the  most  possibilities  of 
contaminating  the  environment,  yourself,  and 
others,  the  application  phase  of  pesticide  handling 

presents  the  mosL,  possibilities  of  . 

and  accidents. . . 


5.  Prior  to  applying  pesticides,  you  should  - 
 to  determine  the  


to  be 

taken  in  case  of  accidental  poisoning  or  other 
accidents  that  "may  be  involved. 


6,  The  most  appropriate  general  application  preca- 
tion  that  offers  the  best  protection  against  inges- 
tion of  pesticides  by  the  operator  is  also  referred 
to  as  a,  rule.  What  is  the  rule  that  is  being  refer-, 
enced? 


If  a  pest  management  program  is  to  be  conducted 
hasewide*  all  personnel  should  be  notified.  How. 
can  this  notification  be  accomplished? 


Disposal  Methods  and  Precautions*  Although  this 
is  the  last  phase  of  pesticide  handling  discussed*  it  is 
not  any  less  important  than  the  other  phases;  Execs- f~ 
sive  and  overextended  shelf-life  pesticides  and  execs-  ^ 
sive  and  deteriorated  pesticide  containers  must  be 
disposed  of  in  accordance  with  the  instructions  pro- 
vided on  the  pesticide  container  label.  EPA  Standards 
(40  CFR  165  series),"  APR  19-1,  and/or  AFM  67-1. 

Excess  stocks  of  pesticides  will  be  processed 'in 
coordination  with  the  local  Chief  of  Supply  or  the 
Defense  Property  Disposal  Office  in  accordance  with 
procedures  outlined  in  AFM  67-1.  Volume  VI. 

Pesticides  and  pesticide  containers  that  have  deter- 
iorated or  are  unsuitable  for  return  to  depot  stocks 
wilf  be  destroyed  in  accordance  with  procedures  out- 
lined in  AFR  19-1." 

The  general  disposal  precautions  for  extended 
shelf-life  pesticides  and  deteriorated  pesticide  con- 
tamers  are  as  follows: 

(1)  .  Dispose  of  pesticides  and  pesticide  containers 
in  a  specially  designated  landfill  and  in  accordance 
with  State  and  local  standards. 

(2)  Provide  a  list  of  the  pesticides  and  quantity  of 
each  to  landfill  personnel. 

(3)  Rinse  alt  pesticide  containers*  other  than  paper 
containers,  at  least  three  times  prior  to  disposal. 

(4)  Destroy  all  containers,  other  than  aerosol  cans, 
beyond  reuse  prior  to  disposal.  .  ,  , 

(5)  Keep  all  pesticides  and  pesticide  containers 
properly  stored  until  they  can  be  disposed  of. 


Now  that  the  safety  precautions  for  storing,,  mixing* 
transporting,  applying,  and  disposing  of  pesticides 
have  been  idenjtsued,  you  can  see  that  you  have  a  great 
responsibility.  Not  only  must  you  know  how  to  protect 
yourself,  but  you  must  know  how  to  protect  the  en- 
vironment, property,  and  others. 

Remember,  these  precautions  are  only. general 
guidelines  and  do  not  cover  all  aspects  of  pesticide 
handling;  therefore,  you  must  follow  all  instructions 
provided  on  each  pesticide  container  label  pertaining 
to  special  situations.  * 


3.  To  reduce  the  chances  of  having  an  accident 
within  base  housing  areas  while  conducting  fog- 
ging operations,  what  should  be  done? 


What  information  should  be  provided  to  personnel 
when  pesticides  are  to  be  applied  within  close 
proximity  of  their  habitations  or  work  areas? 


244.  Point  out  selected  pesticide  disposal  methods  and 
precautions.        .  x 


Exercises  (244)c 

L  Dispose  of  pesticides  and  pesticide  containers  in 
a  specially  designated   arifl  in  accord- 
ance with  State  and  local  

2.  Air  Force  Manual  67-1.  Volume  VI,  outlines  the 

procedures  for  disposing  of  stocks  of 

pesticides. 

3.  Pesticides  and  pesticide  containers  that  have  de- 
teriorated or  are  unsuitable  for  return  to  depot 
stocks  will  be  destroyed  in  accordance  with  AFR 


All  empty  pesticide  containers  other  than  paper 

containers  must  be  at  least  

.  prior  to  disposal 


Pesticide  containers  must  be  properly . 
until  they  can  be  disposed  of. 
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245.  State  the  purpose,  frequency,  and  method  for 
conducting  pesticide  inventories. 


Inventory  of  Pestieides.  You  should  conduct  at  Jeast 
once  a  month  a  complete  inventory  of  all  pesticides 
that  you  are  responsible  for.  This  inventory  should 
be  documented  and  maintained  as  an  operational  shop 
record.  Of  course,  more  frequent  inventories  are  de- 
sirable, but  these  interval  inventories  would  not 
necessarily  have  to  be  recorded. 

Inventories  serve  as  a  good  management  tool  for 
all  supplied  and  equipment,  and  every  conscientious 
pest  manager  will  maintain  complete  and  accurate 
inventory  Records,;  * 

The  purpose  for  conducting  pesticide  inventories 
is  threefold;  first,  it  provides  an  additional  security 
measure;  second,  it  provides  the  capability  of  detect- 
ing early  signs  of  pesticide  container  deterioration; 
and  third,  it  provides  an  additional  means  for  insuring 
that  pesticides  are  properly  stored. 

When  pesticide  inventories  are  not  conducted  regu- 
larly, there  seems  to  become  a  laxity  in  control,  and 
personnel  within  the  section  begin  to  provide  pesti- 
cides to  their  friends  and  others  (who  are  untrained 
in  proper  pesticide  use)  for  use  within  and  around 
their  homes. 

Pesticides,  especially  those  that- are  restricted  use 
pesticides,  should  never  be  provided  to  friends  or  any- 
one cist,  because  they  do  not  know  the  proper  way  to 
apply  pesticides,  nor  do  they  know  the  proper  way  to 
store  them.  Therefore,  you  are  responsible  for  any 
accidents  that  may  occur  through  ignorance  and  neg- 
ligence on  the  part  of  the  individuals  whom  you  gave 
the  pesticide  to. 

There  are  many  times  that  deteriorated  conditions 
of  pesticide  containers  are  detected  while.conducting 
inventories.  If  the  inventory  had  not  been  conducted, 
the  container  could  have  deteriorated  to  the  point  of 
allowing,  a  major  spillage  of  the  pesticide,  which 
would  have  immensely  increased  potential  hazards. 
However,  with  early  detection  of  deterio ration,  the 
pesiictde  would  be  transferred  to  an  approved  sub- 
stitute container  and  relabeled  which  reassured  safe 
and  proper  storage. 

In  order  to  maintain  an  accurate  inventory  0f  pesti- 
cides you  must  record  all  pesticides  received  between 
each  inventory  and  the  ones  that  have  been  with- 
"drawn  from  the  inventory.  When  the  inventory  has 
been  completed  you  should  compare  the  withdrawals 
with  the  materials  received  to  insure  that  the  pesti- 
cides on  hand  match  the  total  of  the  two  transactions. 

If  you  have  less  pesticide  On  hand  than  the  records 
Indicate,  you  should  conduct  another  inventory  im- 
mediately and  necheck  pesticides  withdrawn  and  re- 
ceived records  to  determine  if  a  mistake  was  made/ 
If  no  mistake  is  found,  then  you  should  expend  all 
efforts  10  determine  why  the  pesticide  cannot  be  ac- 
counted for.  especially  when  the  pesticide  is  very 
toxic  or  if  the  quantity  is  significant.  \ 


Exercises  (245): 

L  The  pesticide  inventory  serves  as  a  

for  good  management  to  conscientious 
managers. 


2~  When  should  extreme  effort  be  expended  to  locate 
pesticides  that  cannot  be  accounted  for? 


3<  Why  are  pesticide  inventories  conducted? 


4,  Should  you  ever  provide  pesticides  to  your  friends? 
Why? 


5.  When  should  pesticide  inventories  be  conducted? 


6/  Explain  how  to  maintain  adequate  pesticide  inven- 
tory records. 


pest 


3-3.  Protective  Equipment 

All  personnel  who  handle  pesticides  are  definitely 
exposed  to  the  hazards  of  contamination  through  in- 
halation, ingestion,  and  absorption,  of  pesticide 
vapors,  mists,  and  dusts. 

As  an  entomology  specialist,  it  is  your  responsi- 
bility to  insure  that  you  and  your  fellow  workers  wear 
all  required  safety  protective  equipment  during  all 
phases  of  pesticide  handling. 

In  this  section,  you  will  become  knowledgeable  of 
the  various  types  of  safety  protective  equipment  re- 
quired for  the  safe  handling  of  pesticides  and  die  di- 
rectives that  outline  the  responsibilities -for  insuring 
that  protective^ equipment  is  worn. 

246.  Specify  the  responsibilities  of  wearing  safety 
protective  equipment. 


Responsibilities -Outlined.  As  pointed  out  in  the 
imroduction  of  this  section,  it  is  your  responsibility 
to  insure  that  you  and  your  fellow  workers  wear  all 
required  safety  protective  equipment  during  all  phases 
of  pesticide  handling.  However,  this  responsibility 
rests  no*  only  upon  you.  but  igpon  all  echelons  of  com- 
mand, from  top  to  bottom. 

This  objective  will  identify  pertinent  directives  that 
outline  the  responsibilities,  for  insuring  that  pesticides 
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are  handled  safely  to  include  the  wearing  of  required 
safety  protective  equipment. 

AFR  91-21,  Pest  Management  Program.  AFR  91- 
21  states  that  each  major  command  will  provide  for 
periodic  training  of  base  civil  engineer  personnel 
engaged  in  pest  management  in  the  safe  mixing  and 
application  of  pesticides.  Additionally,  this  same 
regulation  states  that  the  civil  engineer  will  inspect 
-and  determine  the  safety  of  pesticide  handling  and  the 
Director  of  Base  Medical  Services  will  assure  that 
pesticides  are  handled  safely  and  with  appropriate 
concern  for  the  environment. 

AFR  127-10L  Ground  Accident  Prevention  Hand- 
book. This  regulation  states  that  the  use  of  personal 
protective  equipment  will  not  be  used  as  a  substitute 
for  tbe  elimination  of  unsafe  acts  and  conditions,  but 
rather  as  a  supplemental  safety  measure.  This  regula- 
tion also  states  that  commanders  will  direct  exposed 
personnel  to  wear  protective  equipment  and  clothing. - 

When  job  requirements  specify  the  wearing  of  pro- 
tective equipment  {pesticide  labels  would  be  an  ex- 
ample), this  requirement  then  becomes  both  a  part  of 
safety  regulations  and  a  condition  of  employment.  - 

If  military  personnel  avoid  or  disregard  orders  to 
wearproteclive  equipment,  they  may  be  guilty  of  dis- 
obeying a  direct  order  and  will  be  subject  to  the  pro 
visions  of  the  Uniform  Code  of  Military  Justice. 

Civilian  employees  who  avoid  or  disregard  safety 
requirements  are  subject  to  corrective  actions  outlined 
in  the  civilian  personnel  manual. 


Exercises  (246): 

L  Who  has  the  responsibility  oT  insuring  that  you 
wear  the  required  safety  protective  equipment? 


2.  What  is  one  consequence  if  you  fail  to  wear  the  re- 
quired protective  equipment  prescribed  by  the 
pesticide  label?  '  ~ 


3.  Name- the  Air  Force  regulation  which  states  that 
commanders  will  direct  exposed  personnel  to  wear 
protective  equipment  and  clothing. 


4,  Who  has  the  responsibility  for  insuring  that  peri- 
odic training  in  the  safe  mixing  and  application  of 
pesticides  is  provided  to  civil  engineering  personnel 
engaged  in  pest  management?  J 


5.  Who  has  the  responsibility  Eor  inspecting  and  de- 
termining the  safety  of  pesticide  handling? 


6.  Personal  safety  protective  equipment  is  not  used 
as  a  but  as  a  for  per- 


sonal safety. 


7r" As  outlined  in  AFR  —  ,  insurance  that 

pesticides  are  handled  safely  and  with  appropriate 
concern  for  the  environment  is  the  responsibility 
of  the  ;  


/ 

247.  Point  out  the  identification,  uses,  rod  mainte- 
nance of  safety  protective  equipment  in  terms  of -the  , 
type,  purpose*  and/or  maintenance  procedures; 

Items  and  Maintenance  of  Safety  Protective 
Equipment  Required  for  Handling  Pesticides.  There 
are  many  items  and  many  types  of  various  items  that 
can  be  used  for  protecting  the  body  from  pesticides, 
and  the  more  protection  utilized,  the  les^  chance  you 
will  have  of  becoming  a  victim  of  pesticide  poisoning. 

Knowing  what  item  of  equipment  to  wear,  and 
wearing  it,  is  not  the  only  important  aspect  of  personal.' 
protection,  because  you  may  be  wearing  the  proper 
required  equipment  and  still  be  poisoned  ifthe  equip- 
ment has  not  been  fitted  and  maintained  properly. 
Therefore,  it  is  essential  that  you  know  each  item  of 
protective  equipment  that  is  required  to  be  worn,  the 
purpose  of  the  equipment,  and  how  to  maintain  this 
equipment. 

Coveralls.  Coveralls  that  cover  the  entire  body 
should  be  worn  during  the  mixing  and  application 
of  pesticides  to  protect  the  skin  from  contamination. 
Coveralls  are  authorized  for  entomology  personnel 
to  be  worn  only  while  on  the  job.  They  are  not  to  be  .. 
utilized  as  a  replacement  for  the  normal  military  or 
civilian  dress*  which  means  they  are  not  to  be  worn 
to  dining  facilities*  snack  bars,  base  exchange  facili-  J 
ties*  commissaries,  movies*  or  any  other  base  facility 
except  while  performing  actual  entomological  duties. 

Coveralls  that  are  worn  must  be  washed  separately 
from  other  clothing  on  a  daily  basis  in  soap  and  water. 
To  prevent  contamination  of  other  clothing,  coveralls 
that  are  utilized  by  entomology  personnel  must  not  be 
sent  to  the  base  laundry  or  public  laundry  to  be 
washed.  Washing  machines  and  dryers  are  authorized 
in  entomology  sections  in  order  for.you  to  maintain 
your  own  coveralls  in  a  clean  condition  at  all  times. 

Another  aspect  of  maintaining  coveralls  Ls  the  fre- 
quent inspection  to  detect  holes,  tears,  and  thinning 
of  material.  If  any  of  these  conditions  are  detected* 
the  coveralls  should  be  replaced  through  the  supply 
system. 

J  Waterproof  rainsuits.  if  it  is  suspected  that  cover- 
alls will  become  saturated  during  the  mixing  of  appli- 
cation of  pesticides,  you  should  wear  a  waterproof 


rainsuit,  These  rainsuits  can  normally  be"  obtained 
within  the  supply  system  and  are  identified  as  foul 
weather  gear,  This  type  of  protective  clothing  is  very 
appropriate  when  handing  the  more  dermally  toxic 
pesticides  or  if  you  will  be  applying  liquid  pesticidal 
formulations  for  long  periods  at  a  lime. 

Maintenance  of  these  rainsuits  involves  washing 
with  soap  and  water  and  hanging  up  to  dry-  The  rain- 
suits  should  be  spected  frequently  for  holes  and  tears 
and  .replaced  if  these  discrepancies  are  noted. 

Aprons.  A  Rubber  apron  should  be  worn  at  times 
while  mixing  pesticides,  especially  when  large  quan- 
tities of  liquLf'pesticides  are  being  handled-  The 
apron  serves  as  an  additional  precaution  to  prevent 
che  contamination  of  the  pubic  region  with  pesticide, 
This  js  very  important  because  this  region  of  the  body 
is  the  most  susceptible  external  region  of  the  body  for 
pesticide  absorption.  - 

To  maintain  the  apron,  simply  wash  with  soap 'and 
water  and  inspect  It  frequently  Tor  [ears  or  holes. 
The  apron  should  be  Lubricated  with  vegetable  oil 
periodically  to  prevent  cracking. 

Boots,  Rubber  or  neoprene  boots  should  be  worn 
when  mixing  or  applying  liquid  pesticides,  especially 
tf  they  are  being  handled  on  large-scale  operations, 
because  leather  or  canvas  boots  will  absorb  liquid 
pesticides.  Boots  should  be  worn  with  the  tops  be- 
neath the  legs  of  the  coveralls  or  rainsuit- 

Boots  can  be  obtained  through  fte  suppJy  system 
as  part  of  the  four  weather  gear  and  are  maintained 
by  washing  with  soap  and  water  frequently-  inside 
and  out.  to  remove  pesticide  contaminant.  Rubber 
bpots  should  also  be  periodically  Lubricated  with  veg- 
etable oil  to  prevent  drying  and  cracking- 
.  G/tMa  Gloves  must  be  worn  during  all  phases  of 
pesticrd*  handling  and  during  the  cleaning  of  disper- 
sal and  protective  equipment  to  prevent  skin  con- 
tamination* There  are  several  types  of"  gloves  that  can 
be  worn-  but  leather  or  cotion  gloves  are  not  among 
these  types  to  be  worn  while  handling  pesticides.  The 
gloves  used 'must  be  unlined  and  litiuidproof, 

Neoprene  gloves  are  probably  the  most  commonly 
used  glove  in  pest  management  operations:  however, 
some  tum.igants  are  readily  absorbed  by  neoprene, 
so  be  sure  to  read  the  label  on  the  pesticide  container. 

Another  type  of  "glove  that  i*  popular  tor  use  with 
pesticides  is  the  medical  examination  glove  because  it 
is  extremely  flexible  and  is  disposable.  This  glove  is 
not  to  be  used  when  heavy  work  is  involved, because  ii 
is  ^er\  thin  and  apt  to  tear  easily. 

Glo\es  should  fit  the  hand  snugly  and  should  be 
h>rtg  enough  co  extend  well  above  the  wrist  so  that 
they  t:an  be/vorn  beneath  the  sleeves  of  coveralls 
or  rmnsuitsy 

Groses  <sf  all  types  oan  be  obtained  through  the 
norma!  supply  system  and  are  maintained  by  washing 
with  soap  and  water,  inside  and  out,  und  inspecting 
lor  holes  and  tears.  To  inspect  tor  small  pinholes 
and  slits,  simply  fin  each  glove  with  water  and 
gently  squeeze  while  holding  the  top  of  the  glove 
closed  uitfr  une  hand.  If  damage  is  detected,  shred 


the  gloves  so  no  one  else  can  use  them  and  dispose 
of  them. 

Gloves  must  be  periodically  lubricated  with  veg- 
etable oil  to  prevent  drying  and  cracking, 

NOTE:  When  disposable  gloves  are  used,  they 
should  be  shredded  and  disposed  of  also.  Never  dis- 
pose of  gloves  that  have  been  used  with  pesticides 
until  they  have  be>n  destroyed  beyond  the  point 
of  reuse. 

Hats-  A  wide-brimmed  liquid  proof  hat  should  be 
worn  while  applying  liquid  pesticides  to  protect 
your  head  and  offer  additional  protection  to  the 
neck.  eyes,  mouth,  and  face.  The  hat  should  not  have 
a  cloth  or  leather  sweat  band  in  it  because  these 
sweat  bands  absorb  pesticides  and  they  are  very  dif- 
ficult to  clean.     —  " 

The  hat  is  used  to  protect  the  head,  which  is  the 
second,  most  susceptible  external  region  of  the 
body  for  pesticide  absorption.  This  is  due  to  the 
large  amount  of  natural  body  oil  that  is  contained 
in  the  hair,  and  the  oil  speeds  the  absorption  rate. 

The  type,  of  hat  used  by  construction  workers 
4  plastic  hard  hat  with  plastic  sweatband)  is  very 
good  for  protecting  the  head  and  is  available 
through  the  supply  system.  This'  hat  can  be  easily 
maintained  by  frequently  washing  it  with  soap  and 
water,  inside  and  out 

Goggles  or  faceshteids.  Goggles  or  a  faceshield 
must  be  worn  while  mixing  and  applying  pesticides 
to  protect  the  eyes.  There  ace  times  when  a  face- 
shield  will  be  more  adequate  than  goggles  and  vice 
versa.  Just  remember  to  offer  your  eyes  as  much 
protection  as  possible  in  each  and  every  circumstance. 
The  biggest  disadvantage  In  using  the  faceshield  is 
that  a  respirator  cannot  be  worn  comfortably  with  iu 
"  and  in  most  circumstances  a  respirator  of  some  type 
is  required. 

Goggles  and  faceshields  are  available  through  the 
normal  supply  system  and  are  authorized  for  ento- 
mology personnel.  There  are  many  types  of-goggles 
that  are  available,  but  when  you  order  them,  try  to 
obtain  the  type  that  completely  encloses  the  eyes. 
This  type  has  a  tendency  jo  fog  over  but  excludes 
all  possibility  of  mists  and  dusts  from  entering. 

To  maintain  goggles  and  faceshielQs  wash  them 
with  soap  and  water,  inside  and  out.  after  each  op- 
eration. The  elastic  headbands  will  absorb  pesticides 
and  stretch,  so  they  should  be  replaced  frequently. 
If  goggles  are  rubber-  they  should  be  periodically 
lubricated  with  vegetable  oil  to  prevent  drying  and 
cracking. 

Ear  protectors.  Ear  protective  devices  such  as 
earplugs  or  ear  muffs  must  be  worn  while  operating 
equipment  that  have  been  determined  as  being  noise 
hazardous  and  while  working  in  areas  that  present 
noise  hazards. 

Maintenance  of  earplugs  amounts  to  nothing 
more  than  keeping  them  clean  by  washing  in  a 
warm  soapy  water  solution.  The  ear  muffs  should 
be  inspected   periodically  to  detect  hardening  of 
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the  rubber  pads.  These  pads  must  be  replaced 
,  when  hardening  Ls  detected.  < 

Respiraiors  and  gas  masks.  Respirators  and  gas 
masks  are  basically  the  same*  but  they  arc  generally 
thought  of  in  a  different  sense.  Most  entomology 
personnel  refer  to  the  respirator  as  the  half-face 
mask  that  is  designed  to  protect  the  respiratory 
system  from  most  harmful  pesticidal  dusts,  mists, 
vapors,  and  gases.  On  the  other  hand*  the  gas  mask 
is  generally  thought  of  as  being  the  full-face  mask 
that  is  used  when  fumigants  are  being  applied  or 
when  very  toxic  pesticides  are  being  applied  in  an 
enclosed  area. 

Since  there  are  many  types  of  respirators  and  gas 
masks  to  choose  from,  it  must}  be  pointed  out  at 
this  time  that  the  only  ones  authorized  for  use  are 
the  ones  that  are  approved  by  either  NlOSH  (Na- 
tional Institute  for  Occupational  Safety  and 
Health)  or  MESA  (Mining  'Enforcement  and 
Safety  Administration).  ! 

Cartridges  and  canisters  for  respirators  and  gas 
masks  must  be  the  type  designed  to  protect  against 
the  specific  pesticide  being  used  and  to  fit  the 
specific  respirators  and  gas  ^asks  that  are  avail- 
able in  your  section.  The  incorrect  cartridges  or 
canisters  for  the  pesticide  being  used  is  as  haz- 
ardous as  having  no  respiratory  protection,  just 
as  would  having  the  wrong  types  of  cartridges  or 
canisters  for  the  respirators  or  gas  masks  used. 

Chemical  cartridge  respirator.  You  should  wear 
this  kind  of  respirator  when  you  are  only  inter- 
mittently exposed  to  toxic  pesticides..  Air  is  in* 
haled  through  both  a  fitter  pad  and  a  cartridge 
designed  to  absorb  pesticide  vapors*  gases*  and 
particles. 

Chemical  canister  respirator  (gas  mask).  This 
respiratory  protective  device  should  be  worn  when 
you  are  exposed  to  a  continuous  concentration  of 
a  toxic  pesticide.  The  canister  has  longer  lasting 
t  absorbing  material  and  filters  than  the  cartridge 
-and  protects  the  face  better.  Neither  the  canister 
nor  cartridge  type  can  be  used  when  the  oxygen 
supply  is  low. 

Supplied -a  tr  respirator  (gas  mask).  You  may  use 
this  kind  of  respirator  when  mixing  or  applying 
pesticides: 

•  When.the  oxygen  supply  ris  low. 

•  When  you  are  exposed  to  high  concentrations  of 
highly  toxic  pesticides  in  enclosed  areas*  as  in  fumi- 
gation. 

•  When  your  work  can  be  done  close  to  a  supply  of 
clean  air. 

Clean  air  is  pumped  through  a  hose  to  the  face 
mask. 

Self-contained  breathing  apparatus  (gas  mask). 
You  should  wear  this  kind  of  respirator  under  the 
same  conditions  as  the  supplied  air  respirator.  It 
does  about  the  same  thing.  The  difference  is  that 
you  carry  cylinders  of  air  oxygen  with  you*  usually" 
on  your  back.  This  lets  you  inove  more  freely  and 


over  a  wider  area  than  you  can  with  a  supplied  air 
respirator.  - 

The  chemical  cartridge  and  the  chemical  canister 
respirators  are  the  two  most  common  types  of  res- 
pirators used  in  Air  Force  pest  management  opera- 
dons.  Although  all  types  are  available  through  nor- 
mal Air  Force  supply  systems,  the  cartridge  and 
canister  types  are  more  easily  obtained.  The  sup- 
plied-air  respirator  and  the  self-contained  breathing 
apparatus  can  be  obtained  with  proper  justification, 
but  if  they  are  only  needed  once  in  awhile,  they  can 
be  obtained  from  the  Fire  Department  or  Environ- 
mental Support  Section  on  a  Temporary  Issue  Re- 
ceipt (AF  Form  1297). 

To  maintain  respiratory  protection  devices/ wash 
all  rubber  surfaces  and  plastic  faceshields  with 
soap  and  water  after  use.  Rubber  surfaces  should 
be  lubricated  with  vegetable  oil  periodically  to  pre- 
vent the  rubber  from  drying  and  cracking.  '. 

Cartridges  and  canisters  must  be  discarded  when 
odors  are  detected  in  them  or  once  it  becomes  un- 
usually difficult  to  breathe  through  them.  The  ex- 
piration date  on  cartridges  and  canisters  must  also 
be  checked  to  insure  that  the  expiration  date  has 
not  been  exceeded.  If  so,  these  items  are  not  to  be 
used  and  must  be  discarded  immediately. 

Each  person  assigned  to  an  entomology  section 
should  be  issued  coveralls*  boots/  gloves,  goggtes, 
respirator  and  a  hat  to  be  maintained  separately 
from  uncontaminated  equipment  and  clothing  in 
personal  lockers.  These  items  of  protective  equip- 
ment are  to  be  maintained  by  each  individual. 

Rubberized  protective  equipment  should  be 
stored  in  a  cool,  dark  area  if  the  storage  is  to  be  a 
prolonged  one. 

hems  of  safety  equipment  required  to  be  worn  is 
dependent  upon  the  type  of  pesticide  being  handled* 
the  phase  in  which  it  is  being  handled,  and  the 
method  in  which  it  is  being  applied.  There  are  no 
safety  recommendations  that  can  cover  all  situa- 
tions; therefore,  it  is  your  responsibility  to  read  and 
follow  the  instructions  provides  on  each  pesticide 
container  label  and  use  common  sense  in  wearing 
more  protection  as  the  hazards  increase  for  han- 
dling pesticides. 


Exercises  (247); 
1.  What  restrictions  apply  to  wearing  coveralls? 


2_  What  pieces  of  equipment  are  authorized  in 
entomology  sections  to  maintain  your  coveralls 
in  a  clean  condition  at  all  times? 


3.  What  item  of  protective  clothing  would  be  worn 
if  it  is  suspected  that  coveralls  will  become 
saturated  with  pesticide? 
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4.  If  you  arc  applying  liquid  pcsticidal  formula- 
tion for  long  periods  at  a  time  you  will  wear 
a  


5.  When  mixing  large  quantities  of  liquid  pesti- 
cides vou  should  wear  an  . , 


6.  The  most  susceptible  external  region  of  the 

hnrly  fr>r  pesticide  ahenrprirm  j5  th*»  _ 

region. 


7.  How  should  boots  be  worn? 


3-4.  Pesticide  Poisoning  Symptoms  and  First  Aid 

^Yom  the  previous  exercise  it  can  readily  be 
seen  that  pesticides  are  toxic  and  present  hazards 
to  people  in  many  ways,  either  directly  or  indirectly 
through  ignorance,  which  leads  to  negligence. 

Negligence  leads  to  many  problems.  These  prob- 
lems may  be  minor  or  major,  but  in  any  event  we 
must  be  knowledgeable  enough  to  render  assist- 
ance in  overcoming  this  problem. 
/  The  problem  which  we  are  referring  to  is  acci- 
dental pesticide  poisoning.  As  you  have  -already 
learned,  a  person  may  become  poisoned  through 
ingestion,  absorbtion,  and  inhalation. 

This  section  is  devoted  to  the  recognition  of  signs 
and  symptoms  of  various  types  of  pesticide  poison- 
ing and  the  accomplishment  of  first  aid  procedures 
based  upon  the  type  of  pesticide  and  the  method 
of  entry. 


8.  When  must  gloves  be  worn? 


\ 
i 


9.  A   wide-brimmed   liquidprOof  hat  shouldl  be 
worn  while  applying  pesticides. 


10.  What  is  worn  to  protect  the  eyes  when  mixing 


or  applying  pesticides? 


J  I.  When  working  in  areas  where  noise  may  be 
hazardous  vou  must  wear  i 


12.  The  only  gas  mask  or  respirators  authorized 
for  use  are  approved  by  \ —  and 


13,  Cartridge  and  canister  must  be  discarded  when 
  arc  detected  or  ii  becomes  dif- 
ficult to  through  them. 


14.  To  maintain  respiratory-  protective  devices, 
wash  all  rubber  surfaces  and  plastic  face- 
shields  with  and  


15.  Rubber  surfaces   should  be  lubricated  with 

 oil  to  prevent  the  rubber  from 

 and  , 


248.  Identify  the  compound  that  is  described  by 
the  mode  of  action  statement. 


Modes  of  Action  of  Common  Pesticide  Com* 
pounds.  The  methods 'in  which  pesticides  affect 
humans  and  other  mammals  are  commonly  referred 
to  as  modes  of  action.  The  modes  of  action  of  many 
pesticides  in  use  today  are  either  unknown  or,  in 
some  instances,  are  only  partially  understood.  How- 
ever, medical  research  does  provide  sufficient  infor- 
mation to  permit  certain  generalizations. 

Information  pertaining  to  the  methods  in  which 
pesticides  affect  humans  and  other  mammaJs  aft 
given  for  the  following  compounds, 

Organophosphates*  These  pesticides  attach  them- 
selves to  cholinesterase,  an  enzyme  in  the  blood, 
which  is  normally  present  and  required  for  proper 
nerve  function.  Since  the  action  of  organophosphorous 
pesticides  restrain  the  enzyme  cholinesterase.  they 
are  referred  to  as  ^cholinesierase  inhibitors'"  Or 
"anticholineast erase  compounds." 

Carbamates,  These  compounds  are  very  similar  to 
the  organophosphorus  compounds  with  regard  to  the 
modes  of  action.  Carbamates  also  inhibit  the  enzyme 
cholinesterase;  however,  tney  differ  in  action  in  that 
the  effect  on  cholinesterase  is  very  brief  because  the 
carbamates  are  quickly  broken  down  in  the  body. 
Carbamates  are  referred  to  as  "rapidly  reversing  in- 
hibitors" because  the  reversal  is  so  rapid  that,  unless 
special  precautions  are  taken,  samples  of  blood 
cholinesterase  of  mammals  that  have  been  exposed  to 
carbamates  commonly  will  be  inaccurate,  appearing 
to  be  normal. 

Organochlorines  (chlorinated  hydrocarbons).  The 
exact  modes  of  action  cf  these  compounds  is  not 
known:  however,  they  do  act  on  the  central  nervous 
system,  and  repeated  doses  can  cause  liver  and 
ktdncv  damage  in  animab. 
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Botanicals.  The  botanical  compounds  must  be 
divided  because  the  modes  of  action  vary  greatly 
based  upon  chemical  structure  and  toxicity  to  humans. 

a.  Pyrethrum.  Pyrethrum  is  one  of  the  least  toxic 
pesticides  available.  The  extent  of  injury  to  humans 
usually  results  in  minor  skin  allergies',  sneezing,  and 
runny  or  stuffy  nose. 

b.  Strychnine.  This  chemical  is  know  to  effect  the 
nervous  system  and  in  some  instances  causes  extreme 
nervousness.  The  exact  mode  of  action  is  still  not 
completely  understood. 

c.  Nicotine.  This  chemical  is  one  of  the  most  toxic 
poisons  and  the  action  is  very  rapid.  Nicotine  acts  on 
the  nervous  system  and  in  extreme  cases  causes 
paralysis  of  the  respiratory  muscles  which  results 
in  death,. 

Petroleums.  Petroleums  such  as  kerosene,  dksel 
oiL  and  No,  2  fuel  oil  have  been  used  as  mosquito 
tarvicides  for  many  years.  Research  indicates  these 
oils  have  a  toxic  fraction  with  a  low  boiling  point  and 
high  volatility  which  penetrates  the  tracheae  of  larvae 
'  and  pupae  and  produces  an  anaesthetic  effect,  and  a 
less  volatile  fraction  which  acts  more  slowly  and  gen- 
erally does  not  have  any  direct  toxic  action,  but  suf- 
focates by  mechanical  interference  with  breathing. 

Fuel  oil  No.  2  and  diesel  oil  are  the  commonest 
solvents  for  the  synthetic  insecticides  such  as  mala- 
thion  used  for  iarviciding,  fogging,  or  misting.  In 
making  emutsifiable  concentrates  and  formulations 
for  airplane  applications,  it  Is  often  desirable  to  use 
a  higher  concentration  of  these  insecticides  than  can 
be  dissolved  in  these  oils,  so  an  auxiliary  solvent, 
such  as  xylene*  is  used. 

Petroleums  may  be  absorbed  orally  or  through  the 
respiratory  tract  but  arc  only  slightly  absorbed 
dermally.  When  sufficient  quantities  are  ingested  or 
inhaled  by  humans  it  can  cause  severe  aspiration  and 
occlusion  of  the  respiratory  ^tem  and  may  cause 
pneumonia  or  death, 

Fumigants.  The  modes  of  action  of  fumigents  are 
varied:  therefore.  the.-fumigants  that  are  commonly 
used  within  the  Air^Forcc  will  be  discussed  individ- 
ually. ^ 

a.  Methyl  bromide.  This  compound  is  among  the 
most  hazardous  of  the  chemical  compounds*  Methyl 
bromide  affects  the  protein  molecules  within  certain 
ceils  of  the  body  and  causes  severe  kidney  damage. 

b~  Hydrogen  phosphide.  Hydrogen  phosphide  is 
highly  toxic  to  all  forms  of  animal  life*  and  the  mode 
of  action  is  the  result  of  interference  or  inhibition  of 
important  cellular  enzyme  systems  vital  to  the  oxygen 
transport  mechanisms  of  the  body. 

c.  Hydrogen  cyanide  (calcium  cyanide).  Hydrogen 
cyanide  can  be  inhaled  or  ingested  and  can  increase 
excretion  of  thtocyanate  in  the  urine  which  can  result 
in  cytotoxic  anoxia. 

Anticoagulants.  These  compounds  cause  capillary 
damage  and  inhibit  the  formation  of  prothrombin 
which  prevents  the  clotting  of  blood.  This  causes 


internal  bleeding  after  repeated  dosages  have  been 


consumed. 


Exercises  (240): 

I.  What  compound  inhibits  the  formation  of  pro- 
thrombin which  prevents  the  blood  clotting 
process?  ♦ 


2*  Name  the  botanical  compound  jhat  is  considered 
to  be  one  of  the  least  toxic  pesticides. 


3.  Two  compounds  that  inhibit  or  restrain  the  enzyme 
cholinesterase  are  and  . 


4.  What  compound  affects  the  protein  molecules 
within  certain  cells  of  the  body  and  causes  severe 
kidney  damage? 


249.  Identify  the  pesticide  compound  that  is  described 
by  the  signs  and  symptoms  of  pesticide- poisoning. 


Signs  and  Symptoms  of  Pesticide  Poisoning.  You 
should  know  what  kinds  of  sickness  are  caused  by 
the  pesticides  you  use.  You  also  should  know  the 
conditions  under  which  each  one  may  make  you  sick. 

There  are  two  kinds  of  clues  to  pesticide  poisoning. 
Some  are  feelings  that  only  the  person  who  has  been 
poisoned  can  notice — such  as,  nausea  or  headache! 
These  are  symptoms.  Others,  like  vomiting,  also  can 
be  noticed  by  someone  else.  These  are  signs.  So  you 
should  know: 

•  What  your  own  feelings  might  mean. 
♦  *  What  signs  of  poisoning  to  look  for  in  your  co- 
workers and  others  who  may  have  been  exposed. 

All  pesticides  in  the  same  chemical  group  cause 
the  same  kind. of  sickness.  This  sickness  may  be  mild 
or  severe,  depending  on  the  pesticide  and  the  amount 
absorbed.  But  the  pattern  of  illness  caused  by  one 
type  of  pesticide  is  always  the  same.  Having  some  of 
the  signs  and  symptoms  does  not  always  mean  you 
have  been  poisoned.  Other  kinds  of  sickness  may 
cause  similar  signs  and  symptoms.  Headache  and  a 
feeling  of  being  unwell*  for  example,  may  signal  the 
start  of  many  kinds  of  illness.  It  is  the  pattern  of 
symptoms  ihat  makes  it  possible  to  tell  one  kind  of 
sickness  from  another,  which  is  the  subject  of  this 
topic  as  we  discuss  various  chemical  compounds. 
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Qrganophcsphaies.  These  pesticides  injure  the 
nervous  system.  The  signs  and  symptoms  go  through 
stages.  They  normally  occur  in  this  order: 

a.  Mild  Pojsoning.i  1 

•  Fatigue. 

•  Headache. 

•  Dizziness.  * 

•  Blurred  vision. 

•  Too  much  sweating  and  ialivation. 

•  Nausea  and  vomiting. 

•  Stomach  cramps  or  diarrhea. 
6.  Moderate  Poisoning. 

•  Unable  to  walk. 

•  Weakness. 

•  Chest  discomfort. 

•  Muscle  twitches. 

•  Constriction  of  pupil  of  the  eye* 

•  Earlier  symptoms  become  more  severe. 
c.  Severe  Poisoning. 

•  Unconsciousness. 

•  Severe  constriction  of  pupil  of  eye. 

•  Muscle  twitches. 

•  Secretions  from  mouth  and  nose. 

•  Breathing  difficulty. 

•  Death  if  not  treated,  * 


Illness  may  be  delayed  a  few  hours.  But  if  signs 
or  symptoms  start  more  than  12  hours  after  you 
were  exposed  to  the  pesticide,  you  probably  have 
some  other  illness.  Check  with  your  physician  to 
be  sure. 

Carbamates.  The  only  carbamates  likely  to 
make  you  ill  on  the  job  act  almost  like  organophos- 
phates.  They  produce  the  same  signs  and  symp- 
toms if  you  are  poisoned  by  ihem_  But  the  injury 
they  cause  can  be  corrected  more  easily  by  a  physi- 
cian For  this  reason,  most  carbamates  are  safer, 
than  organ  op  hosphatcs.  The  label  will  warn  you  of 
the  danger. 

Qrganochtorhtes.  Not  many  organochlo  fines  - 
(chlorinated  hydrocarbons)  have  poisoned  appli- 
cators. 

Early  signs  and  symptoms  of  poisoning  include: 

•  Headache. 

•  Nausea* 

•  Vomiting. 

•  General  discomfort. 

•  Dizziness. 


•  Skin  irritation. 

•  Sneezing: 

•  Runny  nose, 


More  severe  poisoning  symptoms  may  include 
headaches,  tremors,  and  convulsions. 

b.  Strychnine.  Signs  and  symptoms  of  this  type 
poisoning  include: 

•  Nervousness, 

•  Stiffness  of  face  and  leg  muscles. 

•  Cold  sweat. 

•  Falling  asleep. 

A  vicum  may  undergo  as  many  as  10  of  these 
attacks  before  either  recovering  or  dying*  Usually 
a  victim  will  succumb  if  medical  aid  is  not  obtained 
before  five  of  these  convulsions  occur.  If  a  victim 
withstands  the  first  5  to  6  hours,  chances  of  re* 
w  "-y  are  good. 

c.  Nicotine.  Poisoning  from  this  chemical  is 
recognized  by: 

•  Local  skin  burns. 

•  Skin  irritation. 

•  Extreme  stimulation. 

•  Extreme  excitableness. 

These  signs  and  symptoms! are  usually  followed 
by  feeling  depressed.  In  fatal'  cases,  death  usually 
occurs  within  1  hour  due  to  paralysis  of  the  respira- 
tory muscles. 

Petroleums.  Too  much  exposure  to  these  com- 
pounds may  make  a  person  seem  drunk.  The  signs 
and  symptoms  are: 

•  Poor  coordination. 

•  Slurring  words. 

•  Confusion. 

•  Sleepiness. 

Repeated  exposure  to  these  compounds  can 
cause  permanent  internal  injury.  ! 

Fttmigams.  These  compounds  may  present  the 
same  signs  to  humans  as  the  petroleums.  The  signs 
and  sympcoms  for/  common  fumigants  are  provided 
below.        x  \ 

a.  Methyl  Bromide^  This  compound  may  make  a 
person  seem  drunk  The  signs  and  symptoms  are; 

•"Poor  coordination^ 

•  Slurring  words. 

•  Confusion. 
•'Sleepiness-. 


With  more  severe  poisoning,  convulsions  foIJow. 
They  may  even  appear  without  the  warning  symp- 
toms. Coma  may  follow  the  convulsions.  The  per- 
son also  may  be  unusually  excited  or  irritable*. 

Botanicals.  Botanicals  are  pesticides  that  have 
been  made  from  plants,  and  some  are  very  toxic 
and  cause  different  ^reactions  depending  on  the 
type  of  chemical  which  we  are  about  lo  study. 

a.  PvTethrum,  The  signs  and  symptoms  of  this 
poison  in  early  stages  usually  result  in: 


Repeated  exposure  to  the  fumigant  methyl  bromide 
has  caused  permanent  internal  injury  .without  early 
signs  or  symptoms  of  poisoning.  You  car/  absorb  a  fatal 
dose  of  it  before  symptoms  appear.  ; 

o.  Hydrogen  Phosphide.  The  early  symptoms  of 
hydrogen  phosphide  poisoning  are.  acute,  obvious* 
and  readily  reversible.  Overexposure  of  hydrogen 
phosphide  results  in; 

•  Tightness  in  the  chest  and  diaphragm. 

•  Vomiting. 


•  Diarrhea. 

•  Numbness. 

•  Anxiety. 

•  Dry  coughs. 

In  cases  of  severe  poisoning,  victims  may  ex- 
perience cyanosis,  muscular  spasms,  and  cardiac 
insufficiency. 

c.  Hydrogen  Cyanide.  Tht,  signs  and  symptoms 
for  this  fumigam  are  as  follows: 

•  Headache. 

•  Weakness. 

•  Nausea. 

•  Vomiting. 

•  Increased  raie  of  respiration. 

•  Depression. 

•  Rapid  but  weak  pulse. 

£ 

In  cases  of  severe  poisoning,  victims  may  exper- 
ience cyanosis  and  convulsions,  which  may  result 
in  death. 

Anticoagulants.  Anticoagulant  poisoning  may  be 
recognized  by,  experiencing  pain  to  the  back  arid' 
abdominal  area.  Vomiting  2nd  nose  bleeding  usually 
occurs  because  anticoagulants  are  designed  to  induce 
vomiting  and  prevent  the  biood  from  clotting.  Vic- 
tims may  nave  a  skin  rash  appear  in  the  form  of  red 
patches  along  with  unexplainabJc  bruises  around  the 
elbows  and  knees. 

Now  that  you  are  aware  of  the  effects  of  some 
chemical  compounds,  keep  in  mind  that  everyone  is 
subject  to  various  diseases  and  sicknesses.  There- 
Yore,  individuals  who  work  with  pesticides  may  not 
actually  be  poisoned  even  though  they  may  appear 
to  have  some  of  the  signs  arid  symptoms.  However, 
we  must  be  alert. 

Get  medical  advice  quickly  if  you  or  any  of  your 
Teltuw^wurfcers  have  unusual  or  explained  symptoms 
starting  at  woriTor-4ater  the  same  day.  If  you  suspect 
a  person- has  been  poisoned,  do  notteave  him  alone. 
Do  not  let  yourself  or  anyOne^eise  get  dangerously 
sick  before  calling  your  physician  or  going  to  a  hos- 
pital, it  is  belter  to  be  too  cautious  than  loo  late. 
Take  the  container  (or  the  label)  of  the. pesticide  to 
the  physician.  Do  not  carry  the  pesticide  container 
in  the  passenger  space  of  a  car  or  truck. 


Exercises  (249): 

l.  Name  a  pesticide  that  might  cause  skin  irritations, 
sneezing,  and  a  runny  nose. 


1  Tightness  in  the  chest*  vomiting,  diarrhea,  numb- 
ness, anxiety,  and  dry  coughs  are  the  signs  and 
symptoms  o'  overexposure  to  which  compound? 


3.  A  compound  that  produces  baciaily  the  same, 
signs  and  symptoms  thai  are  produced  by  organ- 
ophosphate  compounds  is  a  .  . 

■       >  % 

4.  Descrive  the  difference  between  a  ~signw  and  a 
"symptom*  with  reference  to  pesticide- poisoning. 


5.  List  only  the  signs  that  may  be  presented  in  the 
case  of  mild  poisoning  by  organ  op  hosp hate  com- 
pounds. 


6.  The  reason  that  most  carbamate  pesticides  are 
considered  safer  than  organophosphate  pesticides 
is  that  injury  by  carbamates  can  be  ^  


7.  The  two  compounds  that  present  the  same  signs', 
and  symptoms  that  are  characteristic  of  a  drunk 
person  are  and  


8.  "A  DersOn  experiencing  pain  to  the  back  and  ab- 
dominal area,  vomiting,  and  nosebleecting  may 
have  poisoning* 


250.  Identify  methods  in  which  accidental  pesticide 
poisonings  occur  in  terms  of  the  appropriate. measure 
to  be  taken  to  prevent  them.  \ 


How  Accidental  Pesticide  Poisonings  Occur!  We, 
as  humans,  are  considered  to  be  the  most  intelligent 
of  all  animal  forms,  so  it  seems  that  no  one  should  be 
dumb  enough  to  become  poisoned  by  pesticides*  How- 
ever, there  are  many  cases  of  hur^an  pesticide  poison- 
ings reported  each  year,  and  there  are  many,  more  that 
are  noc  reported  because  Chey  have  not  been  severe 
enough  to  cause  recognition  by  individuals.' 

Most  all  pesticide  poisonings  occur  accidentally 
through  actions  on  the  pan  of  suppose41y/inteiligenl 
human  beings.  If  we  are*so  intelligent  why  and  how 
do  pesticide  poisoning  accidents  occur?' This  ques- 
tion can.  be  answered  by  two  words,  ignorance  an^ 
negligence-  / 

It  has  ^already  been  pointed  out  that  pesticides, 
can  poison  people  through  ingestion,  absorption, 
and  inhalation*  but  the  methods  by  which  these  pesti- 
cides are  accidentally  ingested,  absorbed,  and  in- 
haled have  not  been  pointed  out.  The  purpose  of  this 

\ 
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objective  is  to  identify  the  methods  by  which  these., 
poisons  are  accidentally  taken  into  the  body  and  to 
identify  measures,  that  can  be  taken  to  prevent  these 
accidents. 

How  pesticide  poisoning  accidents  occur  through 
ingestion.  Accidental  ingestion  of  pesticides  occurs 
through  the  following  methods: 
>    •  Sprays  and  dusts  enter  the  mouth  during  appli- 
cation. 

•  Pesticides  are  consumed  from  unlabeled  or  con- 
taminated containers,  such  as  beverage  and  milk 
containers. 

•  Siphoning  pesticides  by  the  mouth  in  transferring 
from  one  container  to  another. 

•  Eating  or  drinking  items  that  have  been  contami- 
nated with  pesticides. 

Prevention  for  accidental  pesticide  ingestion*  The 
following  measures  can  be  taken  to  prevent  accidental 
ingestion  of  pesticides: 

•  Insure  that  the  area  being  treated  is  vacated  by 
01  her  personnel  during  application. 

•  Insure  that  respirators  or  masks  are  worn  by 
operators. 

•  Insure  that  all  containers  used  for  storing  pesti- 
'cides  are  clearly  and  property  labeled  at  all  times. 

■  Store  aJJ  pesticides  in  a  secure  area  and  out  of 
reach  of  children.  - 

•  Insure  that  all  consumable  products  and  wares 
^are  removed  or  property  covered  when  pesticides 
*  are  being  applied  within  the  same  area, 

N  »  Insure  that  the  no  smoking,  eating,  or  drinking 
rule  is  complied  with  during  all  phases  of  pesticide 
handling. 

■  Never  employ  the  mouth  for  siphoning  pesticides. 

How  pesticide  poisoning  accidents  occur  through 
absorption.  Accidental  absorption  of  pesticides  occurs 
through  the  following  methods: 

•  Pesticides  settle  on  the  skin  during  application 
and  are  absorbed. 

•  Spilling  or  splashing  pesticides  on  clothing  and 
skin  during  mixing,  transporting,  and/  or  application. 

■  Entry  into  treated  areas  too  soon  after  applica- 
tion and  coming  in  contact  with  recently  applied  or 
spilled  pesticides. 

■  Pesticide  containers  (empty  or  with  contents) 
left  insecure  or  undisposed  of.  permitting  reuse  or  use 
as  play  objects  for  children. 

■  Maintaining  contaminated  pesticide  equipment. 

Prevention  for  accidental  pesticide  absorption.  The" 
following  measures  can  be  taken  to  prevent  accidental 
absorption  of  pesticides: 

■  Insure  that  the  area  being  treated  is  vacated  by 
other  personnel  during  application, 

•  Store  alt  pesticides  in  a  secure  area. 

•  Insure  that  coveralls,  gloves,  boots,  goggles,  and 
hats  are  worn  during  application  and  aprons  are  worn 
in  addition  w,htle  mixing.  ^ 


•  Mix,  transport,  and  apply  pesticides  carefully  to 
avoid  spills  and  drips.  S. 

•  Clean  up  pesticide  spills  immediately.  ^ 

•  Observe  the  no  smoking,  eating,  or  drinking  rule 
while  handling  pesticides. 

•  Allow  sufficient  time  for  pesticide  residuals  to 
dry  before  reentry  h  allowed. 

■  Properly  discard  or  secure  empty  pesticide  con- 
tainers. 

•  Secure  partial  or  full  pesticide  containers  so  that 
unauthorized  personnel  cannot  obtain  them. 

Bow  pesticide  poisoning  accidents  occur  through' 
inhalation*  Accidental  inhalation  of  pesticides  occurs 
through  the  following  methods: 

•  During  storage*  mixing,  and  application. 

•  -Unsecured  or  occupied  areas  that  are  being 
treated, 

•  Smoking  contaminated  smoking  supplies. 

Prevention  for  accidental  pesticide  inhalation.  The 
following  measures  can  be  taken  to  prevent  inhalation 
of  pesticides: 

»  J>  to  re'  pesticides  in  a  well-ventilated  area. 

■  Store  all  pesticides  in  a-  secure  area. 

•  Inspect  containers  for  deterioration. 

•  Mix  pesticides  in  a  we41-ventilated  area*. 

•  Observe  the  no  smoking,  eating,  or  drinking  rule 
while  handling  pesticides.  * 

•  Wear  approved  gas  masks  or  respirators  vwhile 
mixing  or  applying  pesticides. 

■  Temporarily  vacate  and  secure  areas  that  are 
being  treated. 

•  Properly  identify  areas  that  are  being  fumigated. 

■  Comply  with  the  no  smoking,  eating,  or  drinking 
rute  while  applying  pesticides. 

■  Discard  or  secure  pesticide  containers. 


Exercises  (25ft): 

Match  the  methods  of  accidental  poisoning  with  the 
appropriate  preventive  measure. 


Methods  of  Poisoning 
_  I.  Pesticides    are  drunk 
from,  beverage  contain- 
ers, 

_  2.  Pesticides  aXe  ingested 
while  applying  sprays 
and  dusts* 

_  3.  Pesticides  arc  absorbed 
by  children  through  con- 
tact with  unevaporated 
resjdu^Js. 

_4.  Pesticides  are  inhaled 
wuhin  che  storage  area. 

_  5.  Pesticides  ire  Ingested 
by  the  operator  during 
application  even  though 
jIL  required  protecti'.ie 
trqujpfnenr  heing 
v-orn  at  the  time. 


Prevent  h*e  Measures 
Prevent     reentry  into 
treated      areas  ,  until 
re&duaJs  are  dry. 
Injure  thai  arens  where 
pesticide*         kept  are 
properly  ventilated.  ' 
Ahbiiv*  wear  appropri- 
ate respirators  fcr  j°bs 
being  "accomplished. 
Adhere  to  the  no  s/rtok- 
in&»  drinking.  Or  eating 
rule. 

Insure  that  pesticides 
are  only  stored  in  their 
proper  container  at  all 

Limo, 
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6,  The  two  basic  causes  of  all  accidental  pesticide 
poisonings  occur  through  ,  and 


7.  List  the  two  preventive  measures  that  appear  in 
each  of  the  three  groups  of  preventive  measures. 


251,  Given  pesticide  poisoning  situations,  list  the  pro- 
cedural steps  that  should  be  followed  in  rendering 
first  aid  to  victims  of  poisoning;  specify  responsibili- 
ties and  baste  guidelines  for  giving  first  aid. 


First  Aid  Procedures  for  Suspected  Pesticide  Poi- 
soning. As  an  entomology  specialist,  you  are  respon- 
sible to  plan  ahead  by  anticipating  possibilities  of 
accidental  pesticide  poisoning  and  establishing  ac-' 
tions  to  be  taken  in  the  event  poisoning  does  occur. 

If  you  are  alone  in  the  Held  with  an  individual  who 
becomes  sick,  or  if  you  become  sick  white  applying 
pesticides*  cease  operations  immediately  and  pro-* 
ceed  to  obtain  the  nearest  professional  medical  as- 
sistance. 

In  the  event  you  are  alone  with  an  individual  who 
has  become  acutely  poisoned  with  pesticides  in  the 
field  and  a  vehicle  is  available*  transport  the  victim 
immediately  to  a  faciliry  that  has  a  telephone  or  pro- 
fessional medical  assistance,  depending  upon  the  con- 
dition of  the  victim  and  proximity  of  the  facilities. 

Each  and  every  individual  is  obligated  to  do  what- 
ever can  be  done  to  save  a  human  life  when  called 
upon  to  render  first  aid.  Your  first  responsibility  in 
rendering  first  aid  is  to  keep  the  victim  alive,  and  the 
second  Is  to  seefc  professional  medical  assistance  as 
soon  as  possible. 

Being  a  pest  manager,  you  must  know  the  first  aid, 
procedures  for  pesticide  poisoning,  because  it's  very 
possible  that  you  may  be  the  first  to  arrive  at  a  scene 
of  pesticide  poisoning,  and  you  will  be  required  to 
render  first  aid  to  the  victim.  Or  you  could  even  be 
the  victim  of  accidental  pesticide  poisoning  yourself. 
In  either  case*  you  most  know  what  to  do  and  how  to 
respond  xo  the  situation.  Remember  that  first  aid  is 
only  a  measure  to  save  a  victim  until  professional 
medical  assistance  can  be  obtained  and  is  not  to  be 
substituted  for  professional  medical  assistance. 

The  primary  purpose  of  first  aid  is  f  o  prevent  further 
absorption  of  a  poison,  which  means  that  aid  must 
given  immediately.  The  intent  of  this  objective  is 
to  provide  you  with  procedural  steps  that  can  betaken 
in  circumstances -which  involve  pesticide  poisonings 
that  occur  through  absorption,  inhalation*  and  inges- 
tion if  you  happen  to  be  the  victim,  or  alone  with  a 
victim. 


First  aid  procedures  if  you  are  ihe  victim.  Prior  to 
using  any  pesticide*  it  rs  important  to  read  the  direc- 
tions in  the  "Statement  of  Practical  Treatment"  on 
each  pesticide  container  label.  These  instructions  can 
save  ydur  life  and  the  lives  of  your  fellow  workers. 

a.  Self  first  aid  for  absorbed  pesticides.  If  you  gety 
a  pesticide  on  your  skin: 

First — Remove  the  pesticide  as  quickly  as  possible.  * 
NOTE:  This  may  require  you  to  jump  immediately 
into  a  shower  or  waterhole;  clothes  and  all. 

Second— Remove  alJ  contaminated  clothing  and 
wash  your  entire  body  thoroughly  to  include  the  hair,, 
eyes,  ears,  and  under  the  fmgern&fls. 

Third — Obtain  medical  attention  for  examination 
and  to  alert  the  staff  for  possible  side  effects. 

0*  Self  first  aid  for  inhaled  pesticides.  If  you  ac- 
cidentally inhale  pesticides: 

First — Vacate  the  area  and  get  to  fresh  air  immedi- 
ately. 

Second— Obtain  medical  attention  for  examination 
and  to  alert  the  staff  for  possible  side  effects, 

c.  Self  first  aid  for  Ingested  pesticides,  if  you  ac- 
cidentally ingest  pesticides: 

First— Rinse  your  mouth  with  plenty  of  water. 

Second— If  the  "statement  of  practical  treatment" 
on  the  pesticide  label  recommends  a  general  antidote, 
administer  at  once.  * 

Third— Obtain  medical  attention  immediately. 

First  sid  procedures  if  you  are  alone  with  n  victim. 
As  a  general  rule,  from  the  safety  standpoint,  you 
should  never  apply  the  more  toxic  pesticides  alone. 
You  should  always  operate  under  Che  "buddy  system" 
just  as  it  is  suggested  when  hiking  or  swimming,  be- 
cause one  never  knows  when  an  accident  may  occur. 
If  an  accidental  pesticide  poisoning  does  occur  to  a 
fellow  worker,  you  should  know  the  first  aid  proce- 
dures and  follow  them  step  by  step;  There  are  many 
circumstances  that  may  be  involved  in  accidental 
poisonings  such  as  the  victim  being  poisoned  through 
absorption*  inhalation*  and/or  ingestion  and  being 
conscious  or  unconscious  larith  or  without  readily 
available  medical  assistance.  Therefore,  recognition 
of  these  circumstances  and  your  speed  and  accuracy 
in  reaction  to  these  circumstances  is  your  responsi- 
bility and  could  mean  the  difference  in  life  or  death 
to  your  fellow  worker  and  a  clean  conscience  for 
yourself. 

a.  When  pesticide  poisoning  by  skin  absorption  is 
suspected.  If  the  victim  is  unconscious  and  medical' 
assistance  is  not  readiiy  available  by  telephone, 
follow  these  steps: 

First— Don  gloves  and  remove  the  victim  from  the 
contaminated  area  by  carrying,  using  extreme  caution 
to  avoid  self-contamination* 

Second — Determine  if  the  victim  is  breathing;  if 
not,  administer  back  pressure-arm  lift  artificial  respi- 
ration immediately;  and  if  breathing  tor  once  the 
victim's. breathing  has  been  restored),  decontaminate 
the  victim  by  drenching  the  entire  body,  clothes  and 
all*  with  a  shower,  hose,  or  waterhole. 


96 

193 


Third— Treat  the  victim  for  shock.  , 
Fourth — Determme  ihe  type  of  pesticide  absorbed 
if  possible. 

Fifth — Obtain  medical  assistance  as  rapidly  as  pos- 
sible and  provide  the  medic  with^ll  information 
possible  pertaining*  to  the  victim's  condition,  the  first 
aid  measures  rendered,  and  the  type  of  pesticide  ab- 
sorbed or  suspected  to  have  been  absorbed. 

[f  the  victim  is  unconscious  and  medical  assistance 
is  readily  available  by  telephone,  Yollow  these  pro- 
cedures; 

First— Don  gloves 'and  remove  the  victim  from  the 
contaminated  area  by  carrying,  using  cxireme  caution 
co  avoid  self-contamination* 

'  Second — T  etermine  if  the  victim  is  breathing:  if 
nor*  administer  back  pressure-armlift  artificial  respi- 
ration immediately;  and  if  the  victim  is  breathing  (or 
once  breathing  has  been  restored),  decontaminate 
ihe  rniire  body  in  the  same  manner  as  previously' 
described. 

Third — Treat  tne  victim  for  shock. 

Fourth — Call  for  mefJicat  assistance  and  provide  all 
details  possible  at  this  time  concerning  the  incident. 

Fifth — Determine  the  type  of  pesticide  responsible 
for  the  poisoning  and  remain  by  the  victim  to  monitor 
conditions  and  to  provide  information  10  the  medic, 

If  the  victim  is  conscious  and  medical  assistance  is 
not  readily  available  by  telephone*  follow  these  steps; 

First— Don  gloves  and  remove  the  victim  from  the 
contaminated  area  by  carrying,  using  extreme  caution 
to  avoid  seJf-coniaminafion. 

Second— Decontaminate  the  victim  by  drenching 
che  entire  body. 

Third— Treat  the  victim  for  shock. 

Fourth— Determine  the  type  of  pesticide  absorbed 
,  if  possible. 

Filth — Obtain  medical  aiiistance  as  rapidly  as 
possible  and  provide  the  medic  with  all  information 
possible  pertaining  to  the  victim's  condition,  the  first 
aid  measures  rendered,  and  the  type  of  pesticide  ab- 
sorbed or  suspected  to  have  been  absorbed.  ' 

If  the  victim  is  conscious  and  medical  assistance  b 
readily  available  by  telephone,  follow  ihese  steps: 

First — Don  gloves  and  remove  the  victinVfrqm  con- 
taminated area  by  carrying,  using  extreme  caution  to 
avoid  sdf-comamination. 
_     Second — Decontaminate  the  victim  by  drenching 
entire  body. 

Third— Treat  the  victim  for  shock. 

Fourth— Call  for  medical  assistance  and  provideall 
information  possible  at  this  time  pertaining  to  the 
>ncident. 

Fifth— Determine  the  type  of  pesticide  responsible 
lor  the  poisoning,  if  not  already  known,  and  remain 
by  the  victim  to  monitor  conditions  and  to  provide 
additional  information  to  the  medic. 

h.  When  pesticide  poisoning  by  inhalation  is  sus- 
pected. 

If  the  victim  is  unconscious  and  medical  assistance 
is  not  readily  availabie  by  [elephone  follow  these 
steps: 


First — Don  air-supplied  respirator  and  remove  vic- 
tim to  fresh  air,  if  in  an  enclosed  area.* 

Second— Loosen  ail  tight  clothing, 

Third— Determine  if  victim  is  breathing;  if  not, 
administer  back  pressure-armlift  artificial  respiration 
immediately. 

Fourth — If  victim  is  breathing,  or  once  breathing 
has  been  restored,  treat  for  shock. 

Fifth — Determine  the  type  of  pesticide  involved  in 
the  incident  if  possible. 

Sixth — Obtain  medical  assistance  as  rapidly  as  pos- 
sible, keeping  the  victim  quiet  and  warm  and  moni- 
toring the  victim's  condition. 

If  the  victim  is  unconscious  and  medical  assistance 
is  readily  available  by  telephone,  follow  these  steps: 

First — Don  air-supplied  respirator  and  remove  vic- 
tim to  fresh  air  if  in  an  enclosed  area. 

Second— Loosen  all  tight  clothing. 

Third — Determine  if  victim  is  breathing;  if  not,  ad- 
minister back  pressure-armlift  artificial  respiration 
immed  lately* 

Fourth — If  victim  is  breathing,  or  once  breathing  has 
been  restored,  call  for  medical  assistance. 

Fifth — Treat  the  victim  for  shock. 

Sixth— Determine  the  type  of  pesticide  involved  in 
the  incident  if  possible.* 

Seventh — Remain  with  victim  to  monitor  the  vic- 
tim's condition  and  to  provide  information  to  the 
medics  pertaining  to  the  incident. 

If  the  victim  is  conscious  and  medical  assistance  is 
not  readiiy  available  by  telephone,  follow  these  steps: 

First — Don  air-supplied  respirator  and  remove  vic- 
tim to  fresh  air  if  in  arj  enclosed  area. 

Second — Loosen  all  tight  clothing. 

Third — Treat  the  victim  for  shock. 

Fourth— Determine  the  type  of  pesticide  involved 
in  the  incident  if  possible. 

Fifth — Obtain  medical  assistance  as  rapidly  as 
poisibk  while  monitoring  the  victims  condition. 

If  the  victim  b  conscious  and  medical  assistance  is 
readily  avaiiable  by  telephone,  follow  these  steps: 

First— Don  air-supplied  respirator  and  remove' vic- 
tim to  fresh  air  if  in  an  enclosed  area. 

Second— Loosen  all  tight  clothing. 

Third— Call  for  medical  assistance. 

Fourth — Treat  the  victim  for  shock.  .  ■_. 

Fifth — Remain  with  victim  to  monitor  the  victim's 
Condition  and  to  provide  information  to  the  medics 
pertaining  to  the  incident. 

r„  When  pesticide  poisoning  by  ingestion  is  sus- 
pected. 

If  the  victim  is  unconscious  and  medicai  assistance 
is  not  readiiy  .available  by  telephone,  follow  these 
steps: 

First— Determine  if  victim  is  breathing;  if  not,  ad- 
minister back  pressure-armiifc  artificial  respiration. 

Second — Obtain  medical  assistance  as  rapidly  as 
possible  if  victim  is  breathing  or  once  breathing  has 
*  been  restored.. 
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Third— During  transport  to,  or  while  waiting  for 
medical  assistance,  treat  the  victim  for  shock  and 
monitor  the  victim's  condition  at  aJl  times. 

Jf  the  victim  is  unconscious  and  medical  assistance 
is  readily  available  by  telephone,  follow  these  steps: 

First— Call  for  medical  assistance, 

Second — Determine  if  victim  is  breathing;  if  not, 
administer  back  pressure-armlift  artificial  respiration. 

Third — Treat  the  victim  for  jhock. 

Fourth— Determine  the  type  of  poison  ingested  if 
possible  and  remain  with  the  victim  until  medical 
assistance  arrives. 

Fifth — Once  .medical  assistance  has  arrived  provide 
all  the  information  possible  pertaining  to  the  type  of 
poison  ingested  and  first  aid  measures  that  have  been 
administered. 

If;  the  victim  is  conscious  and  medical  assistance  is 
no:  readiiy  available  by  telephone,  follow  these  iteps: 

First — Obtain  medical  assistance  as  rapidly  as  pos- 
sible by  transporting  to  a  hospital  or  physician. 

Second— During  the  process  of  obtaining  medical 
assistance,  monitor  the  victim  closely. 

Third — If*  victim  loses  consciousness,  check  breath- 
ing; and  if  not,  administer  back  pressure-armlift 
artificial  respiration.  .  » 
*  Fourth — Once  victim's  breathing  has  been  restored, 
proceed  for  medical  assistance  and  provide  the  medics 
with  all  information  possible  pertaining  to  the  in- 
cident. 

If  victim  is  conscious  and  medical  assistance  is 
readily  available  by  telephone;  follow  these  steps: 

First — Call  for  medicaL  assistance. 

Second— Determine  the  type  of  pesticide  ingested 
if  possible. 

Third — Administer  the  recommended  antidote  if 
there  is  one  and  if  it  is  available.  ,a 

It  is  recognized  that  the  first  aid  procedures  outlined 
in  this  objective  do  not  cover  all  pesticide  poisoning 
situations  and  that  they  are  not  absolute.  However, 
they  do  provide  you  with  a  basis  for  rendering  first 
aid  to  a  poisoned  victim.  There  are  many  circum- 
stances in  which  you  may  be  required  to  react  on  your 
own  common  knowledge  of  first  aid  and  the  circum- 
stances involved  at  that  time. 


Exercises  (251):  ^\/ 

+  [.  A  victim  is  suspected  of  being  poisoned  with  a 
fumigant,  is  unconscious  and  breathing,  and 
medical  assistance  is  not  readily  available.  The 
first  aid  procedures  to  be  taken  are  the  following. 


A  victim  is  suspected  of  being  poisoned  by  ab- 
sorbing pesticides,  is.  conscious,  and  medical  as- 
sistance is  readily  available.  The  first  aid  proce- 
dures to  be  taken  are  as  follows: 


3.  A  victim  is  suspected  of  being,  poisoned  by  the 
ingestion  of  a  pesticide,  is  unconscious  and  not 
breathing,  medical  assistance  is  not  readily  avail- 
able by  telephone.  The  first  aid  procedures  to  be 
taken  are  as  follows:  *  w 


4.  If  you  happen  to  spill  pesticides  on  your  body, 
what  is  the  first  step  that  you  should  take  in  ren- 
dering first  aid  to  yourself? 


5.  Why  should  medical  attention  be  obtained  even 
though  poisoning  is  not  expected  to  be  severe?. 


fr.  What  is  the  most  important  source  for  obtaining 
first  aid  instructions  for  each  pesticide? 


7.  What  .responsibility  rests  upon  you  "as  an  Ento- 
mology Specialist  prior  to  applying  any  pesticide? 


8.  (a)  What  is  your  first  responsibility  in  rendering 
first  aid? 


(b)  Whatis  your  second  responsibility? 


9.  First  aid  is  not  to  be  substituted  for. 


10.  Recognizing  trie  fact  that  all  pesticide  poisoning 
situations  cannot  be  predicted  and  the  first  aid 
procedures  to  be  applied  in  any  given  situation 
are  not  absolute,  how  may  you  be  required  to 


react? 


1 1 .  The  first  aid  procedures  to  be  taken  ior-accidenial 

pesticide  poisoning  depends  upon  the  

Involved  at  the  time. 


12.  The  type  of  artificial  respiration  to  be  adminis- 
tered to  a  victim  of  pesticide  poisoning  ts  the 
 ^type. 
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252.  Identify;  the  type*  of  antidotes  to  be  administered 
for  specific  pesticides  and  the  precautions  to  be  taken 
for  pesticide  poisoning  situations. 


Antidotes  for  Accidental  Pesticide  Poisoning,  Many 
antidotes  have  already  been  discussed  in  previous 
objectives  because  an  antidote  is  defined  as  a  remedy 
used  to  counteract  effects  of  a  poison  or  prevent  or 
relieve  poisoning.  Therefore,  the  safety  precautions 
for  scoring,  mixing,  transporting,  and  applying  pesti- 
cides and  a  knowledge  of  first  aid,  are  in"  ways  anti- 
dotes because  they  can  prevent  or  relieve  poisoning. 

Discussion  within  this  objective  will  be  devoted  to 
providing  special  warnings  in  the  use  of  antidotes  for 
certain  types  of  poisons  and  in  certain  situations  and 
to  identify  antidotes  that  are  "given  orally  or  intra- 
venojJsly  for  common  pesticides. 

Special  warnings  for  oral  antidotes.  There  are  times 
and  certain  types  of  poisons  in  which  oral  antidotes 
must  not  be  given  to  a  victim  of  accidental  poisoning 
because  they  could  and  most  probably  would  cause 
more  damage  to  the  victim,  It  is  your  responsibility 
to  know  when  and  when  not  to  administer  an  anti- 
dote for  specific  types  of  poisoning.  Special  warnings 
for  administering  antidotes,  are  as  follows: 

•  Most  toxic  chemical  labels-  provide  ficst  aid  in* 
st ructions  (^Statement  of  Practical  Treatment*  on 
pesticide  labels)  for  that  particular  chemical.  There- 
fore, if  the  container  for  the  poison  known  to  be  re- 
sponsible for  the  accidental  "poisoning  is  readily  avail^ 
able,  it  is  imperative  that  you  read  these  instructions 
prior  to  administering  anything  orally. 

•  Never  give  anything  orally  to  an  unconscious 
victim. 

•  You  should  never  induce  vomiting  if  the  victim 
is  unconscious  or  is  in  convulsions. 

•  You  should  never  induce  vomiting  if  the  victim 
has  swallowed  petroleum  products  such  as  kerosene, 
gasoline,  and  diesel  fuel,  or  has  swallowed  corrosive 
poisons  such  as  lye,  acids,  and  JysoJ, 

•  Vomiting  should  be  induced  when  noncorrosive 
substances  have  been  swallowed,  if  the  victim  is  con- 
scious and  not  convulsive.  ■ 

Antidotes  for  common  pesticide  compounds.  There 
are  several  household  items  normally  Jound  within 
the  home  that  can  be  used  as  antidotes  for  poisons, 
and  the  item  that  should  be  used  depends  upon 
whether  or  not  vomiting  is  to  be  induced.  The  anti- 
dotes given  at  home  or  on  tfte'job  are  only  temporary 
measures,  and  their  effects  on  the  vtctimof  accidental 
pesticide  poisoning  is  dependent  upon  the  speed  in 
which  they  are  given.  Antidotes  that  have. been  given 
at  home  or  on  t(iejob  are  not  ro  be  substituted  for  pro- 
fessional medical  treatments* 

Some  household  items  and  their  uses  as  antidotes 
for  poisons  are  as  follows: 
— *  Clean  ^ter  can  be  used  as-a-dilueiit*  , 

•  Salt  water  can  be  used  as  a  diJuent  and  emeiic. 


•  Milk  can  be  Used  as  a  diluent  or  neutralizer  of 
acid  or  alkali  poisons. 

•  Milk  of  magnesia  can  be  used  as  a  neutraiizer  of 
acid  poisons.  j 

NOTE:  Before  any  of  these  items  are  used  as  ami-  , 
dotes  remember  the  "special  warnings"  that  were, 
given  at  the  beginning  of  this  objective.  % 

The  universal  antidote  is  used  for  a  wider  variety 
of  commonly  used  pesticides  than  any  other  antidote* 
This  antidote  is  given  orally  in  cases  of  poisoning  by 
the  following  pesticide  compounds: 

•  brganochtorines    (chlordane,    Dieldrin,  Itn* 
dane>  etc.). 

•  Phenoxys(2,4^D,2.4,5-T.and2A6-TBA.  etc.). 

•  Hydrogen  cyanide  (calcium  cyanide). 

•  Pen  taciil  crop  hen  ol.  *  J 

•  Nicotine  sulfate. 

•  Sodium  fluoroacetate. 

NOTE:  The  universal  antidote  has  only  a  slight 
possibility  in  counteracting  sodium  Huoroaceteie. 
Although  the  possibility  is  slight,  it  is  better  than 
none  at  ali,  but  there  Is  still  no  proven  effective  anti- 
dote for  sodium  fluoroacetate. 

The  universal  antidote  can  be  prepared  by  a  phar- 
macist by  mixing  2  parts  activated  charcoal,  1  pan 
magnesium.  1  part  oxide,  and  1  pan  tannic  acid.  This 
mixture  is  then  administered  as  1/2  ounce  per  1/2^ 
glass  of  warm  water 

NOTE;  A  homemade  universal  antidote  can  be  pre- 
pared by  using  4  tablespoons  of  crumbled  burned 
black  toast;  2  tablespoons  of  strong  tea.  and  2  table- 
spoons of  milk  of  magnesia. 

Atropine  is  the  specific  antidote  for  organophos- 
phate  pesticides  such  as  the  chemicals  contained  in 
the  Diazinon,  Malathioo,  and  Parathion  groups  and 
the  carbamate  pesticides  such  as  carbaryl  and  Prop- 
oxur.  Atropine  can  be  administered  intravenously 
or  orally. 

An  antidote  that  is  frequently  used  in  conjunction 
with  atropine  to  counteract  organophate  poisoning  is 
2-PAM  However,  it  must  not  be  used  for  carbamate 
poisoning. 

Vitamin  K  is  the  antidote  to  be  used  in  counteract- 
ing anticoagulant  poisons  such  as  warfarin,  Diapha- 
cin,  and  Pivai  This  antidote  must  be  administered  by 
a  physician, 

BAL  is  a  specific  antidote  to  be  used  for  arsenical 
poisons*  This  antidote  can  be  obtained  from  a  phar- 
macist but  must  be  injected  by  a  physician. 

Now  that  you  are  aware  of  the  requirements  for 
handling  pesticides  safelyat  all  times  and  guidelines 
have-been  furnished  in  the  ptevention  of  pesticidal 
accidents,  you  should  be  capable  of  avoiding  the  un- 
warranted, destruction  of  property,  contamination  of 
the  environment-  and  human  poisoning. 

In  the  evehtjha.t_pijisoningMdpes  occur  to  humans 
by  pesticides,  you  now  have  the  basic  knowledge  for 
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keeping  victims  alive  until  professional  medical  assist- 
ance ^  obtained. 


Exercises  (252): 
1.  An  antidote  for  pesticide  poisoning  should  never 

be  administered  until  the  type  of  

responsible  for  the  poisoning  is  known. 


2.  You  must  never  administer  anything  orally  to  an 
/  victim. 


3.  For  what  circumstances  can  vomiting  be  induced? 


4.  When'should  vomiting  not  be  induced? 


5.  Antidotes  that  are  given  in  the  home  or  on  the 

job  are  only  .  measures  and  should 

never  be  substituted  for   

treatment. 


6.  The  degree  of  results  in  administering  proper 

antidotes  is  dependent  upon  the  

in  which  they  are  given. 


7,  List  two  common  household  items  that  are  iden- 
tified in  the  text  that  can  be  used  as  neutralised 
for  some  pesticide  poisonings. 


\        .  " 

8.  The  specihe^antidote  for  organo  phosphate  poison- 
ing is  ^  and  this  antidote  can  be  Used 

as  an  antidote  (or  carbamate  poisoning. 


List  the  ingredients  arid  the  amount  of  each  in- 
gredient required  in  preparing  the  homemade 
universal  antidote. 


10.  The  pharmaceutical  universal  antidote  is  given 
orally  to  counteract  what  pesticidal  compounds? 


11. 


What  antidote  can  be  used  for  organophospr 
but  not  for  carbamates? 


12.  Name  the  antidote  that  can  be  obtained  from  a 
pharmacist  but  must  be  administered  by  a  physi- 
cian for  arsenical  poisoning. 


13.  Vitamin  K  rs  the  antidote  that  must  be  adminis- 
tered by  a  physician  to  counteract  ,  

poisoning. 


14.  Based  upon  what  you  have  read  in  previous  dis- 
cussions of  pesticide  characteristics,  what  is  the 
function  of  Vitamin  K? 
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APPENDIX 


APPENDIX  A.  ARTHROPODS  OF  PUBLIC  HEALTH  IMPORTANCE:  KEY  TO  COMMON 
CLASSES  AND  ORDERS 


APPENDIX  A 


1.   Three  of  <*  ?airj  nf  wiUinft  h:fcs   CFift.   1  A  i  B)  ■  2 

Five  of  "tor*  pjLca  of  **iktn;»  <Fl 5.  1  C  i  D)  ,...#33 


A-l 


-190       BEST  COPY  AV^MBLE 


5.    Wir>*»  nith  CFiR.  4  A).     FAMILY  CULICIDAE. 


WlnK*  wttko.it  acalca  (Fi*,  *  D1PTERA  OTHER  THAN  MOSQUITOES  PtV 


Fi|.  J  B 


b>     HL>uthiMrc?  *J<it>c*.J  :or  >ik^n^,  with  clonRitc  proboicli  (Ftg.  &   ,.,,,,,.7 

Houthp^rts  adJt.tvd  fur  chvwLm;.  without  «lQngace  pcob^acii  (Fig.  6  B),,,..,*  ,,,,  9 


Fift-  6A  , 

7.     Jings  den"s*Ly  covered  with  seal**;  probo*eU  cOtltd  <Fi«.  7  A)*    ORDER  LEFIDQPTERA  

 X*  ■  MOTH  OR  BUtTEHFLY 

■Jlr^s  noc  Covered  wvCh  scal«S;  probo&^is  not  colled  (Fig.  7  B) 


Fit-   7  A 


Fit-  7 


3*     tfifig  wich-friage  of  long  hair  (Fig.  8  A),    0RUER  IHYSAflOPTEfU  THHIPS 

"Jing  ujcJiovit  lartg  hais  CFig^  8  B] .    ORDER  K£H1?TERA  KISSING  BUG 


Fig,  3  A 


A-2 


flt>th  p*ir  oi  ujfn*  "iwbr jnous  4rtd  »j,mi,L*r  in  *cructurc  (Fi*-  **  A)  ,  JO 

f  rone  pair  of  vin^  ih*i  £  -I  i  u>  nt  i**th*ry ,  d*rv  in^  4*  cov*r*  tfvf  eh*  ^ur  (Firfi  3  3) N 


4 


'0:1  - 1-3 1  jr  in  {Fig.  10  A).    ORDER  ISOFTOU  TERMITE 

nit=  wiHK  "ucn  sm.iLlor  chan  ff^nt  vicia  (Fig.  10  0ROER  JftMENOPTERA  

  BEE.  HORNET,  UASP,  UllW  JACKET.  OR  A*iT 


Fron  i-in^s  homy  or  leachcry.  without  distinct  v*lns  <ftg-  II  A)...-*  L* 

Front  Leathery  *r  pap*r*|  ^p,  wirhdiscincc  veins  il  BJ-  OtCTTOPTERA    ,  .COCK  MAC  H 


A?i»n*i       Eh  pr,"";nLi-C  t*f=;;  -m^s  sn^rcer  tKan  abdemfn  (eis-  12  A).     CitDEI  DErlMAiTEkA  tARWEC 

.^io-i  r  --.Thout  ?rj-;^~t  wrncs  coveting  abdomen  <  F     -   !2  SI,  CQLEOeTFRA  BEETLE 


CFA-0B2 


A-3 

20105 


■o 


13,     HouEhPtrtt,  wLCK  J*wm  for  ;ch*wLrtH  Cf  tit*  U  A)  U 

Mouthpart*  with  j  1  uriK  btfik  *r  *tyl*ti  for  tucking  up  food  <fli.  13  B)  31 


FLfl.   l^  A 


li.     With  thi\     ;k,r,  »t*n*jnii  l«iW   (Fig.   1&  AJ  .     ORDEV  THYSATJUKA  SlT/.'EKFtSH  AND  FlRtBHAT 

Without  Chrv*  loin;  tvriin*!  tiU)  {Fig.  L&  3).t  IS 


LS.     Abdairwn  with  prominent  pi^r  of  Ccrci   (Fig.   IS  A).     ORDER.  DERHAPTEPA 


Flk.   IS  A  "  15  ft 

lb.     With  narrow  waist  (Fig.   L6  A).     ORDER  KYMENO?TEKA  ,  *  *  AWT 

Without  narrow  uJiit  (fig.  16  BJ  ,  *  »  17 


FU.   L G  A 


Fig.  16  & 


CFA-093 
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202 


LJ.    hfitwnm  ^uh  f#«r  Ch4n  I*  ifj^i*iU»  (Ft&,  17  A)  ,mm,  *  tt  ,ig 

Aflttnna  wiCh  THjf*  th*n  »  itpntntt  (Fig,  L7  &)    1 


FU.  1?  A, 


Yift;    17  ft 


10.    Ab4ofnrn  with  6  ur  fiwr  ttgmcnc*  (Pig.  L0  A).    ORDER  COUEHBOLA  SfRlEfCTAlL 

Abdomen  with  not*  th*n  6  *#gm«itt»  (Fig.  18  a).    ORDER  MALLOFHAGA  CHEtflKG  LOUSE 


FLS.  la  A 


Fig.  IS  B 


1*5.     Ttnui  uith         se&mtn:*  <Fig.  19  A)  

Ttrau*  with  1-3  segmcrUJ- I*      .    ORDEfl  PSOCOTTERA. 


.20 


.BOOK  LGVSE  Oft  KjOC,0 


Fig.  19  A 


20.     ?  To  no  turn  narrower.  th*n  head-  flfrvef  covering  head  (Fig.  2vj  a).    OftDEft  liOPTERA  TERMITE 

?™<itLiffl  braider  rhjn  h*#d.  often  covering  h*«d  (Fig.  30  ft) .    ORDER  URTllQPTEKA  COCKROACH 


A-5 


CFA_0$4 


Rir 


107 


21,    Flattened  latently  (Fis*  21  A),    ORDER  SlfBOKATERA  TlEA 

ft* teamed  don  o-veat  rally  (Fig,  21  £}  -  22  f 


> 


Fig-  21  i 

22,    Foot  tannin* tins  in  protruaible  bladder  [Ftg,  72  A).    ORDER . THYSAKBfTERA  THRIPS 

feet  not^eirmtnating  in  protrvuible  bladder  (Fig,  22  B)  ,■  23 


Fig,  22  A  V 
2  3,  *  Beak  Jointed  (Fig.  23  A),    ORDER  KEKIFTEftA, 
Beak  not  jointed  (Fig, 23  S)  


Fig,  22  B 


, BED BUG 
 24 


Fig-  23  H 


26.    touthpatt*  retraced  into  h**d  (Tig.  24  A)v    ORDER  ANOFUIRA, .  , , , .  SUCKING  LOUSE 

feuthparts  not  retracted  into  bead  (Ftg,  24  B) ,    ORSER  DIFIERA  ,TKE»QR  LOUSE  ?LY 


Fig,  2U  A 


Fig-  2i 


C  FA— 0*5 
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108* 
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25.     Abdoaen  well-developed  <Fig.  25  A).     CLASS  AftACKHIDA  L  :  2b 

■  ■  f  * 

AMown  peg-Like  (Fig-  25  B) .     CLASS  PYCHOGOHIBA  L...t  SEA  SPIDER 


9 

:RIC 


Fig.  25  B 

FIB-  25  A 

■  ^  :"     >  1 

26.  Abdooeti  dt;t  inedy  itgmtciceJ  {Fig.*  Z6  A)  V  Z7 

Abdomen  noc  distinctly  segmented  <?ig~  ?b  ft)  *  

Nj  Fig*  2*  A         tJ_^u  ^  t    ^  ^  ^^wl™"     Fig.  26  * 

27.  Abdomen  lengthened  to  form  4  long  CJiI~(F;v,.  2?  A}**-.*  *  f  29 

Abdomen  nut  lengthened        farm  J  L*>n^  CJiJ    f  Ft$*  ;2*  B)  *  ■ *  -»  ■  «  

28.  T*il  utch  Adnger  (Fig.  28  Aj .     ORISE*  5C0API0HI&A  '  SCORPION 

T*il  *itheuc  sctnger  {Fig.  28  BJ  ■     ORDER"  PEDlPAtPIDA  r.  WHIP  SCUKPIOf* 

fwitiHK^  _  ^    >  .^T^^^, 

3  ^^^^  /      ^  *     ■   ?tR-  ^ 8 Jf  if 

i  '  ^  CFA-0S6 

/  A~7,-:     |  ■ 

2% 


29.     UUh  Urge  pinccr-Ukc  ciin*  (Fig.  29  A) *    ORDER  PSEUDOSCORPIQNIDA  PSEUDOSCQSPlObl 

i 

Wtchout  Large  pincer-LUte  claw*  (fig.  2?  H>  «"  30 


Fi3-  29.  B 

30-    L*g»  not  longer  than  body  <Fig.  30  A)-     ORDER  SCLPUGIDA* - .  K  SUM  SPIDER 

Legs  much  longer  chan  body  (Fig-  30  B)«     ORDER  PHALANGIDA-  -  "  DADDY  LONG-LEG  SPIDER 


Fig-  30  A 

U-     Abd^en  constricted  to  for*  *  ti*rro«  v*l»t  {Fig.  31  A).    ORDER  ARASEIDA*   .SPIDER 

Abd^ncR  n*>t  constricted  <Fig.  31  B) * » .  *  *  * *  ***  32 


32,     3od};wicti  long  hair;  Killer's  organ  afrsenc  <fig._J£  A?.    ORDER  ACAAZNA  tflTE 

Body  without  Hair  or  short  hair:  Bailee's  organ  present  (Fig.   32  3} .     QRD£R  ACAGIHA  TICK 


FTg.    3i  A 


-'"CM 


?lvt  to  7  pttrs  of  wtlktag  leg*  (Fig.  33  A).     CLASS  CRUSTACEA  ,   34 

More  Chan  IU  pair*  of  w*lking  legs  (Fig.  "33  B)  ....36 


Abdomen  vithout  append*^*  (FI3.  34  A)_    ORDER  C0FEFODft>^  ,  COPIFOD 

Ab<lunen  vi^h  appended  (Fig,  34  B).*-.*.  .  .  .  . . .  ,3-5 


Thorax  covered  vith  a  £v*ed  plat<;  <yes»  when  pfesenr,  on  movable  seaIJcji  {Fig*  35  Ar&  BJ.  .  +  . 
ORDER  DECAPCHH  LOBSTER,  CRAB,  CRAYFISH;  SHRIMP,  ETC. 

Thorax  not  covered  vith  4  fujed  plttt;  *y<»,  uh$n  p««nt,  noe  on  rpovjiblt  JCtLfcs  {fig*  35  C  6  D) . . . 
OJtDER  ISOPODj*  ,  SGtiBUC,  PILLBUC 


Fife.   35  D 


Oie  r^if  of  Ltr^s  bodv  je^^t  (Fig-   36  A).     CLASS  CHlLOPODA.  . 

Two  pairi  of  lr^s  per  body  s«gnfcnt  (Fig.   36  3)  -     CLASS  DIFLOPODA. 


.CENTIPEDE 
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Answers  For  Exercises 


CHAPTER  I 


Reference*; 

200-  t.    The  arrangement  of  living  things  into  groups  having 
1  similar  characteristics. 
2.    Systematic  biology,  r 
3s    Standardized;  universally. 


200- 

200 
200 


201-  I. 

301  ~Z 
201  -  3, 

201  -4, 

202-  I. 
202-2. 
202-3. 

202  -  4, 

202  -  5. 
.  202  -  6. 

203  -  I. 
■  203  -  2. 


204-  1. 

204-2. 
204  -  3. 
204  -  4, 
204-5. 


The  "binominal  system  means  applying  two  names  to  an 

organism*  c 

Pulex. 

Domestica.  .r 
Scientific  name. 

Kingdom- 
Clas^ 
Genus. 
Phyla. 

Phyla;  Orders. 
Structure. 

a_  AnimaL      „  ; : 

b.  Phylum, 

a.  Capable  of  motion. 

b.  An  exoslceleton. 

False. 

Arthropods 

Imagta  add  A^tchnida. 

CrustafeS/'V' 

a.  2. 

b.  3.  :/    ■  . 

c.  5. 

d.  I. 
e  4. 


206-  7.  o. 

206-  8.  j. 

206-  9.  t 

206-10.  & 

206-  II-  m, 

206-12  i 

206  -  13.  L 
206-  K  d. 

206-  15.  g. 

207  -1.  c. 

207-  1  a, 

207  -  3.  ■  b. 

208-  1.  e. 

208  -2.  c- 
b. 


202 
208 
208 
208 


a-  Oviparous, 
b.  Parthenogenesis* 
c  Chitin- 

d.  Intersegmental  membranes, 

e.  Skeletal  system. 

f.  "Open." 

209-1.  Smell, 

209-2.  ■  Touch;  hearing. 

209  -  3.  False, 

209-4.  Fabe. 

209-5.  SmelL 

209-6.  Depositing  Che  egp. 

209  -  7.  Compound. 

209-8.  Fry. 

209-9.  Stimuli 


205  -  '  I.  Three. 

205-  2.  Exoskdeton. 

205-  3.  Respiration:  abdomen. 

205  -  4.  Flies;  smalt  knobs;  balancer. 

205  -  5.  Wing:  thorax 

205^  6.  a.  I. 

b.  C. 

c.  I. 

d.  L 

205  -  7.  Metamorphosis, 

205  -  fi.  Incomplete  (gradual)  metamorphosis. 

205  -  9.  Complete  metamorphosis. 
205-  10.  Without  metamorphosis. 

205-  11.  Molt. 

206-  l*b. 
206-  2.  n. 
206-  3.  h, 
206-  4.  a. 
206-  5.  k. 

206  -  6.  e. 


CHAPTER  2 

210-  I.    a_  Original/ basic  survey. 

b.  Routine  survey. 

c  Operational  survey. 
210-2.    a_  To  provide  the  basis  for  dewminiflg  whether  or  not 
management  programs  should  be  implemented. 

b.  To  provide  the  basts  for  determining  the  ^typc  of 
management  program  to  be  implemented. 

c.  To  monitor  conditions  that  may  powibly  enhance  p«t 
problems. 

d.  To  evaluate  pest  management  programs. 
■3.  Probing. 

■  4.    Skimming,  - 
S.  Trapping. 

■  6.    Dipping,  biting  (and)  landing  count. 

1.    (a)  Surveillance  and  (b)  identification. 

■  2.    Live  collections  must  be  conducted  when  specimens  are 
to  be  used  for  research.  „ 


210  ■ 
210 « 
210- 
210- 

2)1  - 

211  - 


:RLC 


208 


220 -L  Kd. 
/  220  -  2.    a,btc,  d.  f- 

220  -  K  ,  c  f . 

220-4.  -.;c.f. 

220-5.  a. 

220-  6.    a,  c  * 

221  -  1,  c  ; 

221-  2Tt 
221  -  3..  h. 


221  ■ 
221 

22]  < 
221 

221- 


6. 

7.  b, 

a.  d.- 


211-  3.    a,  (1)  Trapping,  217-5. 

(a)  Light  trap*.  237-6. 

(b)  Case  mips.  217-7. 
(2)  Biting  and  resting.  j 

■  fa)  Aspirators:  218-  I, 

b.  (1)  Cloth  drag*. 

(a)  Flannel  doth  drag* 
(2)  Picking.  ^ 

(a)  Twezen.  2JS  -  2. 

t  (I)  Trapping.  218-3. 
(a)  Capetraps. 

d.  (I)  Dipping.  2J9-1. 

<a)  Dipper. 

(2)  Skimming.  219  -X 

-  —  -(a) 'Dipper.  .  219-3. 

e.  (!)  Combing.  2J9-* 

(a)  Comb, 

<2)  Brushing.  219-  5. 

(a)  Brush.  219-6. 
tt)  Swirling."  219-7. 

(a)  Swirling  jar. 
(4)  Picking  . 

(a>  Tweezers. 

212  -  I.    Pictorial;  dichotomous. 

212-  2.  Dichotomou** 
2f2-3.  Pictorial. 

212  -  4.    a.  (!)  Dictyoptera.  * 

(2)  Cockroach, 

(3)  1.2,3>4.6.9<and)  11. 
b.  (I)  A  carina. 

(2)  Tick. 

(3)  1.2,25.26.31  {and)  32. 

213  -  1.    Adjust  the  width  of  the  eyepiece  adapter. 
213  -  2.    To  adjust  the  magnification. 
2U  -  3.    Properly  illuminate  the  specimen.. 

213-  4.    Right  eye. 

213  -  5.    Clean  with  a%cotton  swab  that  has  been  moistened  with  a 

Map  detergent  solution' and  dry  with  a  conon  swab. 

213-  6.  Fabe. 

234  -  I.    Allow  interested  perso&i  to  become  familiar  with  pests 

common  to  the  area. 
2J4  -  2.    Dry  preservation 

2 14  -  3.    2  percent  caustic  potash;  synthetic  detergent 
?i4-  4.    Cut  off  the  abdomen  at  the  base,  lay  it  on  a  flat  surface.       223  -  I, 

and  squeeze  the  fluid  out  by  rolling  a  small  round  object  223  -  2, 
from  abdomen  tip  toward  the  cut  off  portion.  223  -  3, 

214  -  5.    CatnelVhair  brush.  223-4. 

2U  -  o.    Ethyl  acetate,  benzene,  and  ether. 

214-  7.    Direct,  staging,  carding,  and  pointing.  ' 
214  -  gT    Scientific  name  of  specimen,  the  scientist  who  described 

the  specimen,  and  the  date  originally  described. 

214  -9.    ParadichLorobenzenc;  naphthalene. 

215-  1.    Soft-bodied.  * 

215  -  2.    Ethyl  alcoboL  Pampers  fluid  (and)  chloral  hydrate. 
215  -  3-    Spirit-preserved  specimens  should  be  stored  in  a'eooL 

dark  area  and  away  from  all  sources  of  heat. 

215  -  4,  Smearing. 

216  -  1.  Remove  air  bubbles.  22*  -  1. 
216  -X  4:5,  *  224  -X 
21 6  -  1    Back  and  forth  motion.  224  -  3. 

216-  4.    a.  Determine  the  number  of  li<jufti  ounces  required  to  fill       224  -  4T 

the  container,  v  224  -  5. 

b.  Convert  the  ounces  into  cubic  centimeters.  224  -  6. 

c.  Divide  the  total  cubic  centimeters  by  3.  ,  224  -  7. 

217-  1.  10  percent  caustic  potash:  (2  hours,  225  -  J.  b. 
217-2.  Listen.  225  -  2.  a. 
217-3.  Acetic  acid,  *  225  -  3.  a, 
217-4.  Aeidfuchsin.  *                          225-4.  b. 


Water. 
Dehydrate. 
Caustic  potash, 

(«  b.    .         ■  - 

(2)  a, 

(3)  d. 
{4]  t 

Medical  service.  *  ^ 

-Major  command. 

After-the-fact'  situation  or-  predicting  pest  problems 
baaed  upon  previous  records* 
County  Health  Office 

County  Extension  Office  and  the  County  Health  Office. 
Average  rainfall  anmudly^  average  temperatures,  average 
wind  speed*  and  average  wind  direction. 
Ptst  Control  Historical  Report. 
Pest  Summary  Report* 
Original/ basic  survey. 


221-  9.  a. 
221-10,  j. 
221-11.  k. 

222  -  I.  Natural 

222  -  X  Applied  -  preventive. 

"222  -  3.  Applied  -  corrective  -  preventive, 

222  -  4  ,  Applied  -  corrective, 

222  -  $k  Applied  -  preventive. 

Legal;  biological. 
Chemical 
Sanitation, 

a.  2 

b.  6.     *  * 
c:  5, 

d.  1. 

e.  X 

h.  3. 

n    ■!_  ..  . 

k.  4. 

L  4, 

Misting. 
■  Dusting. 
Fumigation, 
Acrosolmg. 
Funzigatiort. 
Granulation.^ 
Baiting. 


114 
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225-  J,  b, 

225  -  6.  a. 

225-  7,  b, 

225-  8,  a, 

225-  9.  a. 

225  -  10,  a. 

225  -II.  a. 

225-  12.  a. 

225 -a  a. 

225-14.  4, 

225-  15,  b. 


226 -L  c 
226-2  c 
226  -  3,  f, 
226  -  4-.  d, 

226  -  5,  a. 

226-  6,  b, 

227-  I.    a.  Pesticide  resistance, 

b.  Effects  and  effectiveness  of  pesticides*  . 
-c.  Effects  and  effectiveness  of  techniques. 

d.  Effects  and  effectiveness  of  equipment 

227  -2.    a.  Insure  thai  pesticides  are  prepared  and  applied 

accurately;  collect  and  ship  live  specimens, 

227-  2.    b.  Use.  monitor*  apd  annotate  the  effects  and  effective- 

ness, 
c  Same  as  b- 
Same  as  b  and  e. 

128  -  I,  All  personnel  engaged  in  direct  field  supervision  of  pest 
management  operations  or  those  who  operate  indc- 
pende:uly  of  direct  supervision.  ■ 

228-  2,    Two  years. 

22ft  -*3,  To  identify  individuals  who  have  proved  that  they  are 
competent  tit  handling  pesticide*  la  -accordance  with 
Federal  laws  and  to  insure  that  itrey  are  aware  of.  and 
knowledges  We  of.  current  policies  relating  to  all  phases 
of  pest  management, 

228  -  4,    Civil  engineering 

22S-  5,    Request  certification  through  proper  channels  to  the 

designated  certifying  official. 
22$  -  6,    a.  Category  of  certification  requested, 

b.  Name  of  individual. 

c.  Miliary  rank  or  civilian  grade. 
"  d.  Social  security  number. 

e.  Training  accomplishments  within  Che  career  field. 

f.  Lcnph  of  nmcperfcrrnccTin  the  career  fictt  (experience), 

22?-  L    Require  repetitive  treatment. 

229-  2.  Resistant, 

229  -  3.    Each  time  pesticides  are  applied. 

229  -  4,    a.  Provides  a  complete  record  of  treatment. 

b.  Identifies  the  individual  who  performed  the  treatment. 

c.  Serves  a*  proof  of  treatment, 

d.  Eliminates  the  need  of  producing  and  reproducing 
local  fijrens  ot  logs, 

229-5,    Atany  time  after  15  November  1979. 

.230  -  I,    Facilities  thai  are  constructed  completely  or  partly  of  - 
wood.  ■  *  : 

230  '  1     They  must  be  inspected  annuaUyvhowever,  xhiy  should 

be  inspected  semiannually, 

230  -  3,  To  record  inspections,  provide  information  pertaining 
19  tht  building  conditions,  and  io  record  actions  taken. 

230  -  -k  After  the  building  has  been  disposed  of  or  if  the  instal- 
lation is  inactivated  and  dropped  from  real  property 
accounts.     ,  ^ 

230  *  5.     Date  Inspected  -  f4  January  1977,  . 
\  Building  Number  -  302. 
Installation  -  Mitchell  AFB. 

Type  Building  -  "PtnnanenrMoctshoold  show  an  "X," 
Inspector  -  Self  Alone, 


Stock  L  Pther  (Specify)  -  "Deteriorated  attic  vent 
scree  car 

Slock  n  Other  (Specify)  -  "Termites  in  rafters*1" 
Block  III  -  An  MX"  should  appear  in  block  beside 
-  "Nonsubterranean,*  ^ 
Block  V  -  An  MX"  should  appear  in  bloc*  beside 
<*  "Superficial* 

Block  VI  -  Other  (Specify)  -  -Replace  screens  over  attic 

'  vents:  inject  rafter  with  pcatachlorophenol.* 
mock  VII  -  The  Yes  block  should  have  an  "X*  in  the 
Wood  Injection  for  Dry-wood  Termite  space.  To  the 
right  of  that  in  Chemical  Used  space  the  word  "penttf- 
chloro  phenol*,  should  appear. 
Block  VIII -Labor- S2X7M  -* 
Material  -57X00 
"Other  -  S30L 00 
1  Total  -  5330.00  # 
Block  IX- Daw*-  17  January  1977, 

Title  of  individual  -  Section  Supervisor. 
Signature  -  Name  of  Self  Alone  signed. 


231-  I,    Daily;  AFR  91-21, 

231  -  i    To  create  a  Pest  FSfc. 

231-3.    Daily  pest  management  activities. 

231-4.    AFR  91-23*  AFM  300-4  {and)  AFM  B4-20Q, 

231  -5,    AFM  30<M. 

231  -  6.    Data  element  code  A  VDJO  should  be  entered  in  columns 
I  through  5  on  lines  I  and  7. 

Data  element  eode  AV AT  should  be  entered  in  columns 
6  through  9  on  line  I  only. 

A  ~r  should  beeniered  in  column  17  on  line  1  for  Area 
Treated. 

An  "A"  and  a  ~C~  should  be  entered  in  columns  IS  and 
19*  respectively*  on  line  1  for  Unit  of  Measure. 
A  "2"  should  be  entered  m  column  20  en  lines  1  and  7  for 
Building  Terrain. 

Data  element  code  SNOP20  should  be  entered  in 

columns  21  through  25  on  line  I  only. 

The  abbreviation  EMUL  should  be  entered  in  columns 

27  through  30  on  line  I  for  Pesticide  Form. 

An  *1T  shootd  be  entered  in  column  36  on  line  1  for 

Pesticide  Quantity, 

An  "LTand  a      should  beeniered  in  columns  37and  38, 
respectively,  on  line  1  for  Unit  of  Measure,- 
An       should  he  entered  in  column  39  on  line  I  for 
Supply  Source, 

A  **l~  and  a  ~2" should  be  entered  in  columns  44  and  45* 
respectively,  on  line  1  for  Man -Hours  Labor,  . 
A*3"  should  be  entered  ineolumu  51  on  line  T  for  Man" 
Hours  Survey.  • 
A      and  a  "<Hshoultf  be  eniered  in  columns  78  and  79. 
respectively,  on  lines  I  and  7  for  Month. 
'  A  ~p  should  be  entered  m  column  SO  on  line  Land  a  "2" 
should  be  entered  in  column  SO  on  line  7  for  Card  Code,. 


CHAPTER  3 

232  -  J;  ■  a.  To  provide  laws  pertaining  to  the  certification  of  the 
usefulness  of  chemicals  employed  Lin  agriculture, 
n.  To  provide  specified  requirements  for  safety  pfecas- 
lionsin  handling  and  applying  agricultural  chemicals. 
&  To  provide  specified  rcc^rcfljcnrs  for  registering 
.  agricultural  eheraieals  every  5  years. 
232  -  2.    Keep  Out  of  Reach  of  Children, 
232-  3.  Congress. 

232-4.    Nematodes,  plant  growth  regulators,  desiccants  (and) 
defoliants. 


233-  1,    Amendment:  FIFRA, 

253 -Z    To  extend  Federal  registration  and  regulation  to  ail 
pesticides. 

233  -  3.    You  shooid  have  placed  $n  X  beside  c,  d.  and  £ 


/ 

/ 


234  r  ]. 


234-1 

234- 3. 


235  -  |. 

235  -  2 

235  -  3, 


236 

236 

■  2 

236 

-  3, 

237 

-  1. 

237 

-  Z 

237 

233 

-  h 

238 

* 

-  z 

2  3S 

-3. 

23& 

239 
239 
239 
239 


It  was  created  because  of  continuing  pressure  to  limit  the 
use  of  pesticides,  It  combine*  all  activities  of  the  Federal 
Government  concerned  with  pesticides  and  their  effect 
on  the  environment  into  a.  single  agency. 
You  should  have  placed  an.X  beside  a,  c.  and  d. 
Department  of  Agriculture.  Department  of  Interior,  and 
Department  of  Health.  Education*  and  Welfare. 

US  Department  of  Labor. 

To  insure  thai  all  employees  have  safe  and  hciithy  work- 
ing conditions, 

a.  Develop  and  publish  occupational  safety  standards. 

b.  Inspect  work  areas  to  insure  that  standards  are  met. 

c.  lssuedtationsforooncompliancewUhiisreguJations. 

d.  Maintain  education,  training,  and  information  pro- 
grains  to  promote  safe  practices, 

US  Department  of  Health.  Education,  and  Welfare. 
Formulate  improved  occupational  and  health  standards. 
Testing  and  approving  many  Items  of  personal  safety 
protective  equipment. 

As  long  as  the  State  and  local  requirements  are  more 
stringent. 

The*  more  stringent  requirements,  whether  they  be 
Federal,  Stare,  or  local  requirements. 
To  establish  minimum  Federal  requirements  far  environ- 
mental protection. 

The  pesticide  label  serves  the  same  purpose  as  an  Air 
Force  regulation. 

The  safe  storage,  mixing,  uses*  and  application  of  thai 
specific  pesticide. 
Highly  toxic  pesticides, 
a,  6 


241  -  5.    Contaminated:  toxic. 


239  -  L 


■2}: 

3  . 
■4. 
■  5. 


230-  6. 


239- 
239- 
239- 

240- 
240- 

240- 
240  - 
240  ■ 
240  ■ 


\ 


be  located  in  an  area  separate  from  other 
atcriat. 


It  should 
activities; 

Paved. or  lined  with  impervious 
71£  feet. 

You  should  have  placed  an  X  beside  b.d.f,  ij.  l,and  ccl 
EPA  and  OSHA  Standards.  NEC  Articles,  and  Air  j 
Force  publications,  j 
Pesticides  should  be  separated  into  Like  substances  and  / 
stored  in  separate  areas  because  they  may  possibly  react  t 
with  each  other,  which  could  present  potential  explosion  j 
and  fire  hazards. 

Exhaust  ventilation  system  wfch  hood. 

Six, 

Pesticide  mixing  area.  j 

On  the  outer  surface  or  each  door.  / 
They  must  be  segregated  and  stored  separately  according 
to  the  method  of  disposal.  j 
Prior.  ' 
SouneL  -  j 

Easy;  easy. 

Appropriate  fire  extinguishers.  v 


r 


242  -  J. 
242  -2 
242-  3. 
242-4. 
242  -  5.- 
242-6. 


Locked. 

Children;  people. 
Repair: 
Entomology. 
LabcL 

Storage;  locked. 


243  - 
243- 
243  - 
243- 
243- 
243- 


243  -  7. 
243  -8. 
243  -  9. 


244-  I. 
244-  Z 
244-3. 

244  -  4. 

244-  5. 

245-  1. 

245  -2 

245  -  3: 


245  -  4. 


245- 
245- 


246-  I. 
246-2 
246-3. 
246-4, 
246-5. 
£46-6. 
/246-7. 

=   247-  1. 


247-  2 

247  -  3, 

247-  4. 

247-  5. 

247-  k 

247  -  7. 

247  -  8. 
247  -  9. 
247  ~  JO. 
247-H. 
247-  12 
247  -  J3fc 
247  -  K 
247*  15. 


Spills. 

Calibrated. 

Drifts, 

Vehicular*  pedestrian. 
Plan  ahead;  action. 

No  smoking,  eating,  or  drinking  while  handling 
pesticides. 

'Dairy  Bulletin  and/or  base  newspaper. 
Be  escorted  hy  an  escort  vehicle; 
Pesticides  that  are  to  be  used*  signs  and  symptoms  that 
arc  characteristic  of  tbc  pesticide,  and  the  precautions 
that  can  je  taken. 

Land  fill  :*standards. 
Excess,  .* 
19-1.- 
_r  Rinsed"  ihree  limes. 
Stored. 

Tool.  -  s 

When  the  pesticide  is  very  toxk  or  when  the  quantity  is 
significant." 

To  provide  additional  security  measures*  the  capability 
of  detecting  deterioration  of  containers,  and  an  addi- 
tional means  of  insurency  that  pesticides  are  properly 
stored.  " 

No.  They  do  not  know  how  to  apply  pesticides  nor  the 
'  proper  way  to  store  thcrru 
At  least  Oqcc  a  month,  but  more  often  if  desired. 
You  must  record  all  pesticides  that  have  been  received 
and  withdrawn  from  the  t^e  qf  the  last  inventory  until 
the  present  inventory. 

V, 

You.  < 

You  would  be  guilty  of  disobeying  a  direct  .order. 
AFR  127-101. 
Major  command. 
Base  Civil  Engineer. 
Subsiitute*  supplement. 
91-21;  Director  of  Base  Medical  Services. 

They  arc  not  to  be  worn  to  dining  facilities,  snack  bars, 
and  base  exchange  facilities  except  while  performing"' 
actual  entomology' duties. 
Washing  machines  and  dryers. 
You  will  wear  a  rainsuil. 
Rain  suit. 
Apron. 
Pubic. 

With  the  tops  beneath  the  legs  of  the  coveralls  or 

rains  uit. 

During  alt  phases  of  pesticide  handling. 
Liquid. 

Goggles  or  faccshields. 
Earplugs. 
NIOSH;  MESA. 
Odors*  breathe. 
Soap;  water. 

Vegetable:  drying:  cracking. 


241  -  I.  Ventilated;  lighled. 

241  -  2  First  aid.. 

241  -  3.  Amount. 

241  -  4.  Eye;  face. 


245-  I.  Anticoagulants. 

248  -  2  Pyrcthrum. 

24$  -  3.  Organophosphitcs;  carbamates. 

248  -  4b  Methyl  bromide. 


116 


21 


11 


/ 


/      249-  L  >  Pyrethrum, 
/        249  -  1  k  Hydrogen  phosphide, 
/  249  ■  3.  .  Carbarn* it 

/  249  -  4.    Align  of  r^tiddcpoisiooingcai^  be  noticed  by  someone 

else,  whereas  a  symptom  of  pesticide  poisioning  can  only 
be  noticed  by  you. 
249  -  5*    Sweating,  salivation,  vomiting,  diarrhea. 
249  -  6.    Corrected  more  easily, 
249  -  7,    Pttrokums;  fumigants, 
249  -  8.  Anticoagulant. 


250-  t, 
250-1 
250  *  3. 
250-4, 
250 -S. 
250-6- 
250  -  7. 


251 


c. 
c, 
a. 
b. 
d. 

Ignorance;  negligence. 

Store  all  pesticides  in  a  secure  area;  observe  the  oo  smok- 
ing* eating,  or  drinking  rule. 


251 


Don  air-supplied  respirator  and  remove  victim  to 
fresh  air. 

Loosen  tight  dotting. 
Treat  the  victim  for  shock- 
Determine  type  of  pesticide  involved,  if  possible.  ' 
Obtain  medical  assistance  as  rapidly  as  possible. 
Don  gloves  and  remove  the  victim  from  contaminated 
area, 

b.  Decontaminate  tbc  victim  by  drenching  the  entire 
body,  -  / 

c.  Treat  the  victim  for'shock. 

d.  Call  for  medical  assistance  and  provide  all  informa- 
tion possible  at  the  time, 

c.  Try  to  determine  the  type  of  pesticide  responsible  for 
tpe  poisoning  and  remain  by  ihc  victim., 
251  -  3,  t  Administer  back  pressure  -  armlift  artificial  respira- 
tion. / 

b.  Obtain  medical  assistance  as  rapidly  as  possible. 


251  -  4. 
251  -  5, 

251  -  & 

251 

/' 

251-  8; 


251  ■ 
251  - 

251  - 
251  ■ 

252- 

252- 
252- 


252- 

252- 
252- 
252- 
25:  ■ 
252- 


251- 
252 
2S2- 
252- 


c.  Treat  the  victim  for  shock  and  monitor  the  victim's 

condition  al  all  limes,  < 
Remove  the  pesticide  as  quickly  as  possible*  / 
Because  the  severity  is  eot  actually  Known  and  to  alert 
medical  staff  for  possible  side  effects, 

6.  HieVtatement  of  practical  treatment  found  on  the  pesti- 
cide label. 

7.  /To  plan  ahead  by  anticipating  possibilities  of  pesticide 
poisoning  and  establishing  action  to  beiaJcenin  the  even! 
of  pesticide  poisoning, 
(a)  To  keep  the  victim  alive* 
{b)  Obtain  medical  assistance, 
Professional  medical  assistance. 
On  your  own  common  Knowledge  of  first  aid  and  the 
circumstances  involved  at  the  time. 
Circumstances, 
Back  pressure  -  armlift. 


252  -  10. 


Pesticide 
Unconscious. 

If  it  has  bee  n  determined  that  the  victim  has  swallowed  a 
noncorrossivc  substance  and  the  victim  is  conscious  and 
not  convulsive. 

If  the  victim  has  swallowed  petroleum  products  or  if  the 
victim  is  unconscious  or  convulsive. 
Temporary:  professional  medical.  * 
Speed. 

Milk  and  milk  of  magnesia. 
Atropine, 

Four  tablespoons  of  crumbly  black  toast.  2  tablespoons 
of  strong  tea  solution,  and  2  tablespoons  of  milk  of 
magnesia, 

Or^an  ©chlorines,  phenoxys.  hydrogen  cyanide,  penta- 
ehlfcrophenol,  nicotine  sulfate  (and)  sodium  fluoro* 
acetate.  , 
2-MM  .  * 

BAL. 

Anticoagulant. 

To  dot  tbc  blood  in  burna"*. 
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STOP-,  >.  1 .  MATCH  ANSWER  SHEET , TO  THIS  EXERCISE  NUMBER. 

2.  USE  HOMBER  2  PENCIL  ONLY. 


EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE  - 

SSS50  02  21 
INTRODUCTION  TO  PEST  MANAGEMENT 


A 


Carefully  read  the  following: 
DO'S: 

Check  the-  "course,"  "volume,"  and  "form"  numbers  from  the 
answer  sheet  address  tab  against  the  "VRE  answer  sheet 
identification  number"  in  the  r ighthand  column  of  the 
shipping  list.  If  numbers  *  do  not  match,  take  action  to 
return  the  answer  sheet  and  the  shipping  list  to  EC! 
immediately  with  a  note  of  explanation* 

2.  Note  that  item  -  numbers  on  answer  sheet  are  sequential  in 
each  column*  , 

3*  Use  a  medium  sharp  #2  black  lead  pencil  for  markingL  answer 
sheet. 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the 
item,  (When  you  review  for  the  course  examination,  you 
can  cover  your  answers  with  a  strip  of  paper  and  then 
check  your  review  answers  against  your  original  choices.) 
After  you  are  sure  of  your  answersT  transfer  them  to  the 
answer  sheet.  If  you foave  to  change  an  answer  on  the 
answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a 
clean  eraser*  But  try  to  avoid  any, erasure,  on  on  the 
answer  sheet  if  at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  BCI. 

6*  Keep  Volume  /  Review  Exercise  booklet  for  "review  and 
reference. 

7 .  if  mandatorily  enrolled  student,  e process  questions  or 
comments  through  your  unit  trainer  or  OJT  supervisor.  If 
voluntarily  enrolled  student,  send1  questions  or  comments 
to  ECI  on  ECI  Form  17* 

DON'Tsi 

TT     Don ' 1      use    answer      sheets    other      than    one  furnished 

specifically  for  each  review  exercise* 
.2.     Don't  mark    on  the    answer  sheet  except  to  fill  in  marking 

blocks*    Double  marks  or  excessive  markings  which  overflow 

marking  blocks  will  register  as  errors. 
3*     Don't    fold,  spindp-si  staple,  tape,  or  mutilate  the  answer 

sheet. 

4*  Don't  use  ink  or  any  marking  other  than  a  #2  black  lead 
pencil. 

NOTE  a  NUMBERED  LEARNING  OBJECTIVE  REFERENCES*  ARE  USED  OH  THE 
VOLUME  REVIEW  EXERCISE*  In  parenthesis  after  each  item 
number  on  the  VRE  is  the  Learning  Objective  Number 
where  the  answer  to  that  item  can  be  located*  When 
answering  the  items  on  the  VRE,  refer  to  the  Learning 
Objectives  indicated  by  these  Numbers*  The  VRE  results 
will  be  sent  to  you  on  a  postcard  which  will  list  the 
actual  VRE'  items  you  missed*  Go  to  the  VRE  booklet  and" 
locate  the  Learning  Objective  Numbers  for  the  /items 
missed.  Co  to  the  text  and  carefully  review  the  areas 
covered  by  these  references.  Review  the  entire  VRE 
again  before  you  take  the  closed-book  /  Course 
Examination* 
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(200) 


MULTIPLE  CHOICE 
Systematic  biology  classifies  living  things 


■t  ^9 

into  f 


a .  groups  having  similar  characteristics. 

b.  animal  or  vegetable  groups. 

c.  land  or- water  groups* 

d.  airborne  or  land  groups. 

(201)  What  is  meant  by  the  binomial  system  of  nomenclature? 

a.  Using  two  classification  systems. 

b.  Classifying  plants  and  animals  separately. 

c.  Applying  two  names  to  an  organism* 

d.  Classifying  plants  and  animals  by  a  name  and  a  number* 

(202)  what  are  the  major  divisions  of  the  animal  kingdom? 


a. 
b, 


phyla. 
Classes* 


c.  Genera. 

d.  Species. 


4.     (202)    Which  of  the  following  terms  represents  the  greatest 
degree  of  nomenclature  breakdown  in  the  animal  kingdom? 


a . 
b. 


Phyla. 
Class . 


c, 

a. 


Order* 
Family  # 


(203)    Man  and  insects  are  classified  in  the  same 


a;  phylum, 
b.  kingdom* 


c.  class. 

d.  genus. 


(203)  What  is  meant  by  exoskeleton? 

a.  No  skeleton. 

b.  Skeleton  on  the  -inside.  

c     Skeleton  on  the  outside. 

d~    No  bones  in  the  skeleton. 

(204)  What'  class  includes  scorpions? 


a.  Diplopoda*. 

b.  Chilopoda. 


c. 

a. 


Insects. 
Arachnida* 


(204)  which  of  the  following  classes  are  of  main  concern 
to  us? 


a*  Insecta  and  Arachnida. 
b,     Insecta  and  Diplopoda: 


c.  Arachnida  and  Chilopoda. 

d.  .Arachnida  and  Diplopoda* 


(205)  The  purpose  of  intersegmental  membranes  in  insects 
is  to 

a.  protect  internal* organs . 

b,  allow  movement  between  body  parts. 

c    provide  a  poinrt  for  attachment  of  legs, 
d.     allow  the  insect  to  grow* 
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10.  1205)    The  three  main  body  regions  of  an  insect  are 
the 

a.  pro thorax ,  me  so thorax ,  and  me tat ho rax. 

b.  .   head,  thorax,  and  abdomen. 

c .  proboscis ,  thorax,  and  legs . 

d.  exoskeleton ,  head,  and  thorax. 

11.  (026)     Sucking  lice  belong  to  which  of  the  following 
orders?, 


a,  Coleoptera.  c,  Diptera. 

b.  Dermaptera,  d.  Anoplura, 


12.  (206).    The  order  of  insects  that  is  most  beneficial 
to  man  is 

a,  Homoptera.  c,  Hymenoptera, 

b,  Isoptera.  a.  Mallophaga. 

13.  (207}     Spiders  are  considered  beneficial  to  man  because 

a,  they  are  generally  harmless  and  destroy  other  pests. 

b.  their  web  is  very  useful. 

c,  they  are  harmless  and  aid  in  food  production. 

d.  their  bite  builds  immunity  to  other  poisons. 

14.  To  which  class  do  spiders  and  scorpions  belong? 

a.  DiPlopoda.  c,  Insecta. 

b.  Arachnida.  d.  Chilopoda. 

15.  [208)     What  prevents  the  loss  of  water  through  the*  respiratory 
system  in  insects? 


-"    a.  Gills  in  the  tracheal*  trunks, 

b*  'Lungs  in  the  abdomen, 

c*  The  presence  of  humidity  in  the  air. 

d.  Valves  in  tlie  spiracles, 

16.  (208)     The  reproductive  system  o£  egg  laying  insects 
is  termed 

a .  larviparous .  c,  parthenogenesis* 

b.  oviparous.  d.     vas  deferens. 

17.  (209)     which  organs  provide  the  sense  of  touch  in" insects? 

a.  Cuticle  and  antennae.  c*     Hairs  and  antennae.  / 

b.  Cuticle  and  feet.  d.     Hairs  and  feet. 

18.  (209}     Insect  batiavior  is  influenced  by  all  of  the  following 
stimuli  except 

s 

a.  1 ight »  c »    gravi  ty . 

b.  heat .  d  *  memory. 
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19.  (210)    Why  is  it  necessary  to  conduct  pest  surveys  wrum 
management  programs  are  already  in  operation? 

a.  to  evaluate  the  effectiveness  ot  the  program.  N 

b.  To  determine  the  type  of  program  to  be  implemented.  *l 

c.  To  make  use  of  available  manpower  and  equipment.  ™ 

d.  To  determine  if  the  program  should  be  discontinued. 

20.  (210}    A  probing  purvey  is  used  to  determine  the 

a.  presence  of  pests  in  hard  to  reach  areas. 

b.  damage  from  past  treatments  for  pests. 

c.  presence  of  potential  pest  breeding  places. 

d.  damage  from  termites,  fungi,  and  wood  borers. 

21.  (211)    A  primary  reason  for  collecting  pests  is  to 

^  a.    eradicate  them. - 

b.  identify  new  species. 

c .  kill  them  for  testing. 

d.  detect  and  identify  disease  carriers. 

o 

22.  (211)    what  pests  are  usually  collected  with  a  cloth 
drag?  , 

a.  Ticks.  c-  Mosquitoes. 

b.  Mites.  d.  Cockroaches. 

23.  (211)     What  prevents  ectoparasites  from  being  lost  when 
they  are  brushed  from  an  anesthetized  animal? 

a.  They  are  anesthetized  also. 

b.  They  cannot  crawl  up  the  sides  of  the  collection  . 
pan. 

c.  They  are  stunned  by  the  brushing. 

d.  They  are  killed  by  the  brushing. 

24.  (212)    What  process  is  used  when  using  keys  to  identify 
pests? 

a.  Ordering.  c*  Structuring. 

b.  Elimination.  d.  Reduction. 

25.  (2121    What  do  you  need  in  addition  to- your  identification 
key  in  order  to  identify  a  pest  specimen? 

a.  A  dichotomus  and  a  couplet. 

b.  A  good  specimen  in  alcohol  and  a  magnifying  glass. 

c.  A  microscope  and  a  specimen  in  good  condition* 
d*  A  disected  specimen  and  ^wall  chart. 

26.  (212)     if  you  wear  glasses,  what  should  you  do  when 
using  a  microscope? 

a.    Take  your  glasses  off  while  viewing. 

b*-  Take  your  glasses  off  while  adjusting  microscope. 

c.  Make  adjustments  with  glasses  on;  do  your  viewing 
with  glasses  off. 

d.  Do  all  adjusting  and  viewing  with  your  glasses  on. 
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(213)  how  'is  the  proper  wicth  of  a  microscope  eyepiece 
determined? 


View  with  one  eye  at  a  time  until  the  field  is  visible 
without  moving  your  head* 

b.  Measure  between  the  centers  of  your  eyes*  adjust 
the  same  distance  to  the  center  of  the  eyepieces* 

c*    Hove  the  eyepieces  while  viewing;  adjust  until  you 

see  two  distinct  images, 
d*    Move  the  eyepieces  while  viewing*  adjust  until  you 

see  a  single  image* 

28.     £214}     How  should  you  clean  specimens  that  are  Very 
fragile  or  dry  and  rigid? 

a*    with  a  small  camel  hair  brush* 

b-    By  immersing  in  a  synthetic  detergent  and  water 
solution. 

c.  By  immersing  in  alcohol  or  formaldehyde* 
d*    With  a  moistened  cotton  swab* 

29*     (214)     Which  method  of  pinning  is  best  to  use  for  mounting 
small  dry-preserved  specimens? 

a*     Carding.  b         c-  Pointing; 

b*    Staging*  d*    Direct  pinning* 

30*     [2X5)     What  type  of  specimens  are  .best  preserved  in 
spirits? 

a*    Soft  bodied  specimens*  c*    Very  large  specimens* 

b*     Very  small  specimens*  d* *  Hard  crusty  specimens* 

31.     £215)    HOw  should  spirit  preserved  specimens  be  stored? 

a*  In  a  ventilated  jar  or  other  container, 

b*  in  a  well  lighted  warm  area* 

c*  m  a  cool,  dark  area/  away  from  all  sources  of  heat* 

d*  Anywhere  as  long  as  they  are  in  an  airtight  container. 

32*     (216)     how  should  a  mold  be  prepared  before  filling 
with  plastic  resin? 

a.  Coat  the  interior  of  the  mold  with  uncatalyzed  resin. 

b.  Apply  a  mold  release  compound  to  the  interior  of 
the  mold. 

c*     Wash  the  mold  and  dry  in  a  light  bulb  oven. 

d.  wash  the  mold  in  synthetic  detergent  and  leave  wet* 

33.     (216)    What  precaution  should  be  taken  when  stirring 
->  a  resin  and  catalyst  mixture? 

a*     Do  not  create  any  bubbles  in  the  mixture- 
b«     use  a  plastic  stirring  rod* 

c.  Allow  bubbles  to  float  to  the  top  and  skim  them 
off* 

d*     Stir  until  the  mixture  begins  to  thicken. 
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34,  (217)    What  type  of  specimens  are  best  suited  for  slide 
preservation? 

a.  Any  specimen  which  can  be  made  transparent. 

b.  ,Very  small,  soft  specimens. 

c.  Specimens  no  larger  than  tbe  slide. 

d.  Parts  of  large  specimens.  * 

j  j. 

35,  (217)     How  are  specimens  cleared  of  internal  body. tissues 
prior  to  slide  mounting? 

a.  'By  soaking  in  alcohol  and  squeezing  the  abdomen. 

b.  >  By  drawing  body  fluids  put  with  a  hypodermic  needle. 

c.  By  cold  soaking  in  caustic  potash  solution  for  12 
hours. 

d.  By  placing  in  a  vacuum  chamber  for ^12:  hours. 

36,  t,21SJ    On  a  military  installation,  who  is  responsible 
for  initiating  and  supervising  the  planning  and- execution 
of  all  insect,  rodent,  and  other  pest  control  activities? 


^0 


a.  Installation  commander.  c. 

b.  Base  civil  engineer.  d. 


Industrial  engineer. 
Base  medical  service 


37,     (218}    Who  is  responsible  for  advice  on  the  control 
measures  and  chemicals  to  be  used  in  an  on-base  pest 
Management  program? 

a.    Base  medical  services. 
The  base  civil  engineer* 

c.  The  environmental  protection  agency* 

d.  The  pollution  control  authority. 

36.     (219)     Which  of  the  following  methods  of  pest  control 
is  often  used,  although  it  is  not  the  most  desirable 
method? 

a.  Local  data^ and  records. 

b.  County  health  office  information. 

c.  After  the  fact.  "  - 
d*    National  Weather  Service  information* 

39*     (220)    What  is  the  first  step  in  selecting  pest  management 
procedures?" 

a*    Determine  €he  equipment  and  material  available. 

b.  Identify  the  pests. 

c*    Determine  the  personnel  available. 

d.  Identify  pest  locations. 

40.     (220)     All  phases  of  pest  management  planning  should 
be  based  on 

a.    economy  and  safety* 

b*    effectiveness' and  economy. 

c,  safety  and  effectiveness/ 
responsibility  and  authority. 
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41.  (221')    Which  of  the  following  sections  can  be  of  help  VJ 
to  you  in  the  repair  of  two  cylinder  engines? 

a.  Power  Production,  c*    Pavements  and  Grounds, 

b.  Equipment  Section.  d.     Environmental  Support, 

42.  (222)    Which  of  the  following  types  of  controls  are 
instcumental  in  controlling  pests? 

a*  Dry  weather  and  natural  predators- 

b.  Natural  and  applied,  ■ 

c.  pesticides  and  natural  predators, 

d.  Natural  and  artificial* 

"43.     (222)    .Which  type  of  control  is  best  for  pest  management? 

a,  r  natural.  c.  Artificial, 

b.  Corrective,  d.  Preventive, 

44,     (223)     Which  control  method  is  considered  a  biological 
control? 

a.  Maintaining  proper  drainage- 

b.  Chemical  destruction  of  arthropod  pests, 

c.  Good  sanitation  practices.  ■  - 
d-    Protection  of  insectivorous  arthropods*  fc 

45-     (223)     which  of  the  following  control^ methods  Is  considered 
a  mechanical  control? 

a.  Proper  erection  and  preparation  of  facilities  and 
grounds. 

b.  Traps  and  barriers, 

c.  Control  of 'harmful  arthropods. 
dv    Frequent  disposal  of  refuses 

46,  (224)     The  fumigant  that  is  the  most  beneficial  for 
in-transit  fumigation  of  stored-fpod  pests  is 

a-     hydrogen  phosphide.  c-    nap thai ene. 

b*    paradichlorobenzine.  df    methyl  bromide. 

47.  (224)     Which  of  the  following  factors  is  an  advantage 
of  mist  application  over  aerosol .application? 

a-  Better  penetration  of  dense  vegetation. 

b.  Better  residual  effect* 

c.  Readily  adaptable  to  ULV  applications. 
dv  Less  hazardous* 

43.  (224)     Dusting  as  a  means  of  pesticide  application  is 
the  preferred  treatment 

a.  to  control  aquatic  pests. 

b.  (in  the  sub-slab  injection  for  termites. 

c.  around  electrical  equipment. 

d.  for  sewage  trickling  filters. 


56650-02^21 

7 


215 


49.  (224)     Baiting  is  generally  used  to  control  ^rtfc" 

a.    mosquitoes.  c4     flies.  O 

' b :    rodents .  d,    cockroaches  * 

-f 

50.  (225}    What  type  of  pesticides  are  usually  used  for 
space  treatment? 

a.  Dusts  and  granules*  c4    Emulsions  and  dusts.  ' 

b.  Granules  and  solutions.  d*    Solutions  and  emulsions. 

51.  (225)     How  are  space  treatments  normally  dispersed? 

a*     By  misting  or  spraying: 

b.  As  fog  type  aerosols. 

c.  By  dusting. .  1 

with  granular  dispersal  equipment-. 

52.  (226)     How  does  foilage  treatment  affect  plants? 

a.    Cuts  off  oscygen.  supply  to  the  plant* 
b4    Stimulates  desirable  plants  which  smother  undesirable 
plants. 

c.  Burns  tissues  or  causes  excessive  hormone  growth- 

d.  Decreases  nitrogen  food  supply. 

53.  (226)     Which  type  of  soil  treatment  stops  the  growth 
of  vegetation  by  preventing  seed  germination? 

a,  Selective.  c.  Preeraergence. 

b.  Nonselective. .  d.     Fostemergence • 

54-     (227)     An  increasing  problem  for  pest  managers  is  the 

a,  effectiveness  of  new  products- 

b.  resistance  of  pests  to  pesticides. 

c*     lack  of  guidelines  for  new  pesticides. 

d.     initial  research  that  is  required  before  new  pesticides 
can  be  marketed. 

55.  (228)     How  often  do  pest  management  personnel  who  hold 
a  certificate  of  competency  have  to  be  recertified? 

a.  Semiannually*  c.    Biannual ly* 

b.  Annually*  ~  d.    Every  three  years* 

56.  (228)     What  publications  cover  the  AF  Form  483? 

a.  AFR  91-16  and  ATM  91-21. 

b.  AFR  91-12  and  ATM  91-61.  \ 
c*  AFR  91-21  and  AFM  91-16. 

b.  AFR  19-21  and  AFM  19-16. 
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57.     (229)     what  is  AF  Form  2467? 

a.  A  pest  control  historical  recqrd  maintained  at  each 
facility, 

b.  A  pest  control'  historical  record 'maintained  in  the 
„CE  organization. 

c.  "    A  request  for  pest  control  services. 

d.  A  certification  of  discontinued  need  for  pest  control 
services  - 

56,     (229)     How  long  are  "the  AF  Forms  2467  Kept  on  file? 

a.  2  years,  c.    4  years. 

b.  3  years,  d.-    S  years, 

59.  (230)     What  type  of  facilities  require  a  DD  Form  1070  , 
Termite  and  Wood  Decay  Inspection? 

a-    All  wood  facilities. 

b.  All  wood  or  partial  wood  facilities. 

c.  All  wood  facilities  which  had  no  preventive  measures 
taken  during— construction. 

d.  -All  wood  br  partial  wood  facilities  which  had  no 

preventive  measures  taken  during  contruction. 

60.  (230)     On  base  facilities  requiring  wood-pesft  inspections 
should  be  inspected. at  least 

a-  semiannually;  preferably  monthly, 

b-  quarterly;  perferably  monthly, 

c-  annually?  preferably  semiannually, 

d-  biannually;  preferably  annually, 

61,  [231)     How  often  is  the  AF  Form  290,  Transcript  for 
Pest  Report,  prepared? 

a.  Daily,  c.  Monthly. 

b.  Weekly-      *  d.    Quarterly-  . 

62,  (231)     In  completing  the  AF  Form  290,  the  first  coded 
data  element  entered  on  the  form  is  the 

a,  pest  name.  c.    pest  survey. 

b.  pest  control  operation.  d,  'herbicide, 

63,  (231)     On  AF  Form  290,  what  type  of  pest  would  be  indicated 
by  the  data  code  DVMS1?  * 

a.  Cockroaches.  c.    Snails  and  slugs, 
b_    Adult  houseflies,  d.    Adult  mosquitoes. L 

64.  -   (232)     What  important  amendment  was  made  to  the  Federal 

Insecticide,  Fungicide,  and  Hodenticide  Act  in  1963? 

a-     Prohibition  for  agricultural  use, 

b.  _ Prohibition  for  commercial  sale. 

c.  Labels  stating  the  contents  are  harmless, 

j    d.    Labels  stating  "Keep  out  of  reach  of  children," 
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65.  (232)    Agricultural  chemicals  .should  be  registered  every 

a.  2  years.  -  T/c.-'4  years. 

b.  3'years.  d.     5  years. 

■  -  » 

h66.     (233)     How  are  you,  as  an  entomology  specialist,  effected 

by  the  Federal  Environmental  Pesticide  Control  Act? 

a.  Prohibited, the  use  of  restricted  pesticides. 

b.  By  the  certification  requirement. 

c.  FEPCA  does  not  apply  to  government  personnel. 

d.  No  penalties  can  be 'applied  to  Air  force  personnel. 

€7.     (234)    What  agency  has  prime  responsibility  for  regulation, 
research,  and  education  in  the  field  of  environmental 
pollutants? 

a.  IKS.  *  c.  .EPA. 

b.  CIA.  d.  GAO. 

66.  (235)    Which  of  the  following  agencies  would  you  ccntact 
for  help  in "establishing  safe  working  conditions  and 
procedures? 

a.  PIFRA.  c.  FEPCA. 

b.  OSHA.  d»  EPA. 

(236)    what  agency  is  responsible  ^for  developing  new 
or  improved  occupational  safety  and  health,  standards? 

a.  Office  of  Occupational  Safety  and  Health  -Administration, 

b.  U.S.  Bureau  of  Mines. 

c-  National  Institute  for  Occupational  Safety  and  Health. 

^3.  Bureau  of  Labor  Statistics. 

70.  (237)    Which  of  the  following  statutes?  and/or  regulations 
govern  your  activities  as  an  entomology  specialist? 

a.  Federal . 

b.  Federal  and  State. 

c.  Federal  and  local. 

d.  Federal,  State,  and  local.  ? 

71.  -    (236}    When  a  conflict  is  found  between' a  publication 

or  directive  and  information  on  a  pesticide  label,  what 
should  you  do? 

*  a.  Follow  the  label. 

b.  Follow  the  regulation. 

c.  Get  a  clarification  from  EPA. 

d.  Get  a  clarification  from  OSHA. 
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72*     (238)    What  is  the  purpose  or  the  reentry  statement,  ftul-^ 
on  the  pesticide  label?  AJj> 

a.     Tjells  when  re-registration  is  required. 
bP     Indicates  length  of  time  before  pest  will  reenter 
the  area. 

c-    Indicates  approximate  time  of  presticide  effectiveness* 
d-    Tells  how  much  time  is  required  before  a  person 
without  protective  clothes  can  enter  an  area. 

73,     (238)    Which  part  of  a  pesticide  label  is  considered 
one  of  the  most  important?  tr 

a.  Signal  Word, 

b.  .  Registration  and  Establishment  Number* 

c.  Misuse  Statement* 

d.  Storage  and  Disposal  Instruction*1 

74*     (239)     Which  statement  best  describes  the  selection  r 
of  an  entomology  facility?**   

a.    Space  adjacent  to  other  shops  with  safe  storage. 
•     b,    Separate  from  other  shops  with  adequate  safe  storage* 
c*     Joint  use  of  existing  facilities  with  other  associated 
specialties, 

d.    Storage  facilities  should  be  in  a  separat  building 
from  shop,  - 

75.     (239)     For  adequate  ventilation  in  a  pesticide  storage 
area,  a  complete  change  of  air  is  needed  at  least  how 
many  times  per  hour? 

a.  Two,      %  c-  Six- 
fa-     Four-     "                                   d-  Eight- 

76*     (240)    What  should  be  done  before  entering  a  pesticide 
,  storage  area? 

a-  Turn  on  exhau&t  ventilation  fan* 

b.  Put  on  protective  clothing, 

c.  Notify  the  fire  department* 

d.  Hotify  the  medical  service,  ^ 

77,     (240]     W£at  is  the  purpose  of  having  absorptive  clay, 
hydrated  lime,  or  detergents,  available  in  a  pesticide 
storage  area? 

a.  To  absorb  pesticide  vapprs, 

b.  To  clean  up  pesticide  spills^ 

o.    To  neutralize  pesticide  on  the  skin-  \ 

d.     To  neutralize  different  vapors  to  prevent  explosions* 
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78.  (241]     What  action  should  be  taken  first  when  mixing 
pesticides? 

a.  Put  on  protective; clothing* 

b.  Locate  a  well  ventilated  area* 

c.  Read  and  follow  label  directions. 

d.  Know  the  first  aid  measures  for  the  pesticide  you 
are  using", 

79.  (241)    which  statement  best  describes  why  the  mixing 
phase  of  pesticide  handling  is  so  important? 

a*  You  must  work  alone*         *  , 

b.  Pesticides  are  unpredictable. 

c,  Unmixed  presticides  are  flammable.  l 
d+  You  ark  working  with  the  most  toxic  form  of  the 

pesticide/    .  ^ 

30.     (242)     in  vehicles*  how  are  entomology  personnel  protected 
from  exposure  to  pesticide  vapors  and  splashes? 

Personnel  wear  protective  clothing  and  equipment* 
Pesticides  are  hauled  in  trailers. 

All  pesticides  and  equipment  ace  sealed  before  transporting. 
The  passenger  compartment  is  separate*  from  the  storage 
s  compartment. - 

81.  (242)    Why  is  a  container  of  water  carried  on  entomology 
vehicles? 

a*     Emergency  fire  protection, 
b*    Mixing  pesticides. 

c.  Decontamination  of  skin  and  eyes  in  the  event  of 
a  spill.  ' 

-  d.  Drinking. 

82.  (243)     which  phase  of  pesticide  handling  presents  the  . 
greatest  threat  for  contaminating  yourself >  the  environment, 
and  others? 

a.    Mixing*  c+    Transporting . 

b*    Application.  .  .       d.  Clean-up. 

83.  £243]     After  pesticide  application,  what  should  be  done 
before  transporting  the  equipment? 

a*  Install  warning  signs  on  the< equipment. 

b+  Request  an  escort* 

c*  Drain  the  equipment* 

d.  Release  all  pressure* 

84.  £2*4)     what  is  the  most  convenient  source  of  instructions 
for  pesticide  disposal? 

a'.    The  pesticide  label* 

b*     The  base  medical  service. 

c.  Your  shop  chief.  , 

d.  Sanitation  engineering. 
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35.     (244)    What  publication ^outlines  the  procedures  for  w 

disposing  of  pesticides  land  containers  which  have  deteriorated 
or  are  unsuitable  for  return  to  depot  stocks? 

a.  AFM  19-1.  C.     AFM  67-1. 

b.  AFR  19*1.  d.     AFR  67-1. 

&6.     {245)     How  often  should  you  inventory  pesticides? 

s  - 

a.  Daily.  >  c.  Monthly, 

b.  Weekly,  d.  Quarterly^ 

87*     (245]     Pesticide  inventories  are  taken  to  determine' 
all  of  the  following  conditions  except      *  r. 

a.    proper  utilization*  \  c.    container  deterioration, 

"   b*    security*  j  d*    proper  storage, 

88.     (246)     who  has  the  finai  responsibility  for  insuring 

that  you  and  your- fellow  workers  wear  appropriate  protective 
equipment  when  handling  pesticides? 

a.  You,  / 

b.  Your  supervisor j 

c.  The  civil  engineer  e 

d.  The  director  of  base  medical  services, 

- 

39.     (246)     Which  of  the  following  statements  is  true  concerning 
,    the  wearing  of  protective  equipment? 

a<sy  Regulations  specify  safety  conditions  not  safety 

equipment*  / 
b*    Regulations  require  that  protective  equipment  be 

worn  when  specified  by  job  requirements, 
c*:  it  is  optional  and  up  to  the  individual.  * 
d.     It  should  always  be  .worn  if  available. 

• "  {  '  ■ 

90.,    (247)    When  are  /entomology  personnel  authorized  to  wear 
coveralls? 

a.     Anytime.        ^  > 
%  b.    When  applying^ pesticides* 

c.  When  mixing  pesticides, 

d.  when  mixing  or^applying  pesticides. 

91.  (247)     A  water  proof  rainsuit  is  the  most  appropriate 
when  -  ■ 

a,  applying  small  amounts  of  liquid  pesticides, 

b,  using  fogging  machines,  , 

c,  handling  dermally  toxic  pesticides. 

d,  .     using'  a-fumigating  pesticide* 

92.  (247)*   What  maintenance  is  required  .on  rubber  boots? 

a.  Washing  and  sealing.  -  r 

b.  Sealing  and  lubricating.  ■  * 

c.  Lubricating  and  patching. 
jd.    Washing  and  lubricating. 
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^(247)'   Which  type  of  gloves  is  recommended  for  pesticide  ^ 
handling?  1 j 

a.    Lined  leather.  c.    Unlined  neopreme. 

bv    unlined  cotton.  d.    Lined  neopreme, 

(247)    What  is  the  most  important  factor  to  consider 
when  using  a  cartridge  type  gas  mask  or  respirator? 

a.    The  mask  or  respirator  must  matach  the  pesticide 
being  used* 

Any  cartridgeor  maskis  better  then  none. 
The  cartridge  must  match  the  pesticide  being  used- 
A  mask  must  fit.loose'so  you  can  exhale. 


(243) 
is 


The  pesticide  that  is  the  least  toxic  to  humans 


a. 


pyrethrum. 
strychnine. 


c.  nicotine. 

d.  hydrogen  phosphide. 


96.  (248)  "  Which  of  the  following  compounds  affect  the  protein 
molecules  within  certain  cells  of  the  body  and  cause 
kidney  damage? 

a.  Methyl  bromide.  c.    Hydrogen  cyanide. 

b.  ^drogen  sulfide.  d.  «  Calcium  cyanide. 

97.  .  (246)    Which  of  the  following  symptoms  can  resdjjl  from 

nicotine  poisoning? 


98- 


a.  Minor  skin  allergies,  sneezing,  and  runny  or  stuffy 
nose. 

b.  Severe  kidney  damage. 
C-    Extreme  nervousness. 

d.     Paralysis  of  the  respiratory  muscles. 

(249)    Which  compounds  react  like  organophosphates  but 
are  easier  to  treat? 


a -  Organochlor  ines< 
b.  Botanicals. 


c. 
d. 


Carbamates, 
Fumigants- 


99.     (249K    In  order  to  survive,  how  soon  after  poisoning 

should  a  victim  of  strychnine  poisoning  receive  medical 
aid? 

a.  Five  to  six  hours- 

b.  "   Before  ten  attacks. 

c.  Before  falling  asleep. 

d.  Before1  five  convulsions  occur. 

100.     (249)     Which  pesticides  cause  bruises  around  the  elbows 
and  knees? 


a.  Para  ig  ants, 

b.  Botanicals. 


c.  Petroleums. 

d .  Anticoagulants  * 
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(250) 
by 


Accidental  pesticide  poisoning  is  caused  primarily 


a*  poor  ventilation^  and  horseplay*"*  ; 

b.  inadequate  protective  gear, 

c*  ignorance  and  negligence* 

6*  poor  facilities  and'  procedures*  \ 

102-  (250)    Which  of  the  following  measures!  can  be  usfed 
■  to  prevent  accidental  ingestion  of  presticides? 

i>  -  j 

a.  Removing  or^ covering  food  and  utensils* 

b«  Insuring  adequate  ventilation*  \ 

^ ' ~c~  wearing  protective  clothing*  * 

d*  Avoiding  smofcing  while  applying  pesticides* 

103-  (251)    What  is  the  first  thing  you  should  do  if  you 
get  an  absorbed  pesticide  on  your  skin? 

a.  Remove  the  pesticide  as  quickly  as  possible. 

b.  Remove  all  your  "clothing* 

c.  Seek  medical  aid-  *  '  3 
.  d*  Alert  staff  of  possible  side  effects- 

104.  (-251)    When  you  are  alone  with  a  conscious  victim  of  1 
pesticide  poisoning,  what  is  the  first  thing  you  must 
determine? 

a*    Method  of  treatment-  * 
b-    Xhe  distance  to  the  hospital. 

c-    Method  of  poisoning:     ingestion,  absorption,  or 

inhalation, 
d-     Severity  of  the  poisoning- 

105.  (252)  -A  poison  victim  should  not  be  given  anything 
orally  ' 

a*  if  medical  personnel  are  not  available., 

b-  until  you  know  what  the  poison  is- 

c.  when  you  want, to  induce  vomiting- 

d-  if  thetvictim  is  unconscious* 

106-  (252}  A  pesticide  poison  that  has  no  known  effective 
"ir      antidote  is 


a*  sodium  f luoroa^etate. 

b-  hydrogen  cyanide, 

c .  pentachlorophenol . 

d*  nicotine  sulfate. 
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THIS  PUBUCATION  HAS  SEEN  REVIEWED  AND  APPROVED  SY  COMPETENT  PERSONNEL  OF  THE  PREPARING  COMMAND 
IN  ACCORDANCE  WITH  CURRENT  DIRECTIVES  ON  DOCTRINE,  POLICY,  ESSENTIALITY,  PROPRIETY,  ANO  QUALITY. 


Preface 


THIS  VOLUME  of  CDC  5665ft  Entomology  Specialist,  provides  you  with 
knowledge  about  the  following  subjects:  pesticides  and  environment,  and  pesticide 
dispersal  equipment  To  become  certified  as  an  entomology  specialist,  you  must  be 
knowledgeable  in  these  subjects  as  well  as  those  that  you  have  covered  previously 
along  with  those  to  be  covered  in  later  volumes. 

Please  note  that  in  this  volume- wc  arc  using  the  singular  pronoun  Ae-  his,  and  him  in 
its  generic  sense,  not  its  masculine  sense;  The  word  to  which  it  refers  is  person. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this  text, 
or  recommendations  for  its  improvements,  send  them  to  Tech  Trig  Cen/TTGOX, 
Sheppard  AFB  TX  7631 1.  NOTE:  Do  not  use  the  suggestion  program  to  submit 
corrections  for  typographical  or  other  errors. 

If  you  have  any  questions  on  course  enrollment  or  administration*  or  on  any  of 
ECPs  instructional  aids  (Your  Key  to  Career  Development,  Behavioral  Objective 
Exercises,  Volume  Review  Exercises,  and  Course  Examination)*  consult  your 
education  officer,  training  officer,  or  NCO,  as  appropriate,.  If  he  can't  answer  your 
questions,  send  them  to  ECL  Gunter  AFS  AL  361  IS,  preferably  on  ECI  Form  17, 
Student  Request  for  Assistance. 

This  volume  is  valued  at  33  hours  (II  points).  a 

Material  in  this  volume  is  technically  accurate,  adequate*  and  current  as  of  May 
1977.  J 
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^NOTE;  In  this  volume,  the  subject  matter  is  developed  by  r  series  of  Learning  Ob^ctives.Eadi  oft  hese 
Qmes  a  3-digit  number  and  is  in  boldface  type.  Each  sets  a  Teaming  goal  Tor  you.  The  text  that  follows 
"  the  objective  gives  you  the  information  you  need  to  reach  that  goal.  The  exercises  following  the 
information  give  you  'a  check  on  your  achievement*  When  you  complete  them*  see  if  your  answers 
match  those  in  The  back  of  this  volume.  If  your  response  to  an  exercise  is  incorrect*  review  the  objective 
and  its  text. 


Pesticides  and  The  Environment 


THE  WORD  "pesticide"  has  been  the  subject  of  many 
discussions  for  many  years  and  has  really  been 
brought  to  the  attention  of  the  public  in  recent  years 
through  almost  all  categories  of  news  media.  This, 
concern  for  pesticides  is  justifiable  because  most  are 
very  toxic,  and  if  not  Handled  properly  they  can  cause 
severe  damage  to  the  environment;  however  if  they 
are  handled  properly,  they  are.  a  great  asset  to  the 
environment. 

Within  this  chapter,  pesticides  that  arc  commonly 
used  will  be  discribed  quite  thoroughly!  and  you  will 
<•  iwoirie  knowledgeable  of  how  pesticides  are  classified 

and  formulated.  This  chapter  will  also  provide 
information  concerningv^he  environmental  elements 
and  the  effects  pesticides  may  have  on  the 
environment.  ^ 

1-1.    Pesticide  Classification  and  Characteristics 

In  order  to  select  the  appropriate  pestiriSe  for  the 
pest  that  is  needed  to  be  managed  and  fa  manage  the 
pest  properly  and  safely,  a  knowledge  of  pesticides  is 
'*  required.  This  section  will  present  information 

concerning  the  methods  in  which  pesticides  are 
-  classified  ?and  will  discuss  ^the  characteristics  of 
commonly  useu  pesticides*  hi 

Identify  the  classification  of  pesticides  in  terms  of 
pest  to  be  managed,  mode  in  which  it  enters  the  body, 
and  the  stage  of  the  pest  to  be  acted  upon. 

Pesticide  Classification  Methods-  Pesticides  are 
generally  classified  according  tenhc  type  of  pest  to  be 
managed,  the  modem  which  it  enters  the  body  (or  the 
mode  of  action  in  managing  plants  using  pesticides), 
and  the  stage  of  the  pest  to  be  acted  upori* 

Pest  to  be  managed  The  first  step  that  must  be 
taken  in  classifying  a  pesticide  is  to  determine  what  the 
pest  is  that  needs  to  be  managed.  Until  now.  almost  ail 
discussion  pertaining  to  chemicals  has  been  devoted  to 
•  the  term  ^pesticide,™  but  beginning  here,  we  will  be 
more  technical  by  classifying  a  pesticide  according  to 
the  pest  to  be  managed. 


As  previously  stated  in  Volume  2*  a  pesticide  is  a 
chemical  designed  to  kill  pests;  but  if  the  pests  happen 
to  be  insects,  then  the  pesticide  would  be  classified  as 
an  t,  insecticide.  Arachnicides  arc  used  to  manage 
Arachnids  such  as  spiders,  scorpions,  ticks,  and  mites. 
Pesticides  that  are  used  in1  managing  plants  arc 
classified  as  herbicides^  and  those  that  are  used  for 
managing  fungi  would  be  classified  as  fungicides. 
Notice  the  manner  in  which  most  of  the  pesticides  used 
for  managing  each  type  of  pest  begins  with  the  pest 
type  and  ends  with  "ride"  which  means  "kill.**  as  in 
rodenticide,  a  pesticide  used  to  kill  rodents  such  as  rats 
and  mice. 

Stage  of  pest  acted  upon.  The  second  step  in 
classifying  a  pesticide  involves  the  pest  stage  to  be 
controlled.  The  stages  are  the  developmental  process 
of  certain  insects  and  arc  referred  to  as  egg,  larvae, 
papae,  and  adult  Controls  arc  seldom  directed  toward 
the  egg  stage  because  this  stage  is  very  difficult  to 
locate;  furthermore,  eggs  are  difficult  to  penetrate. 
The  pupae  stage  is  another  stage  that  is  not  normally, 
controlled  because  it  is  the  dormant  stage  in  most 
cases.  The  larvae  and  adult  stages  arc  the  stages  most 
generally  controlled  because  these  are  the  most 
damaging  and  they  are  easier  to  control. 

Using  this  information,  you  can  understand  that 
insecticides  arc  identified  as  ovicides,  larvicides.  or 
aduhicides.  depending  upon  ihe  intended  use.  For 
example,  if  the  insecticide  is  to  be  used  for  controlling 
the  larvae  stage,  the  insecticide  would  be  further 
classified  as  a  larvicide* 

■  Along  this  same  order,  herbicides  can  be  further 
classified  as  being  preemergence  or  postemergence 
herbicides.  Preemergence  herbicides  arc  pesticides 
designed  to  kill  seeds  and  immature  stages  of  plants 
before  they  break  the  soil.  The  postcrnergence 
herbicides  arc  designed  to  kill  the  top  growth  of 
vegetation. 

Mode  of  entry  or  action.  The  final  step  in  classifying 
pesticides  is  traditionally  accomplished  according  to 
the  method  in  which  it  kills. 

Pesticides  ihat  are  designed  to  kill  pests  when  taken 
into  the  digestive  system  are  classified  as  stomack 
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poison.  Stomach  poisons  are  applied  directly  to  the 
natural  food  of  pests,  mixed  into  bait  material,  or 
sprinkled  over  runways.  These  poisons  are  very 
effective  against  certain  pests  that  chew,  suck,  and 
have  protective  shields;  they  are  generally  very  toxic  to 
humans  and  other  vertebrate  animals, 

Contact  poisons  are  pesticides  that  are  designed  to 
kill  pests  through  absorption,  These  poisons  axe 
applied  directly  to  the  pests  or  to  surfaces  the  pests  will 
crawl  over.  Contact  poisons  are  ^robatjry  used  more 
than  any  other  type  of  pesticide^ 

Respiratory  poisons  arc  most  often  referred  to  as 
fwnigants.  These  poisons  arc  volatile  chemicals  that 
kill  an  organism  by  entering  through  its  respiratory 
system  and  are  very  useful  in  managing  pests  that  are 
difficult  to  manage  by  other  methods. 


Exercises  (400): 

Complete:the  following  exercises: by  entering  the 
correct  response  from  the  list  below  in  the  blank  space 
or  spaces. 

i  Arachnicide  j 
Fungicide 

Herbicide  j 
Insecticide  ( 
Rodenzicide  ~  i 
Adulticide  -  r, 
Larvicide 

Ovicide  i 
Postemergence  ,.  ^  f 
Preemergence  \ 
Contact 

Fumigant  j 
Stomach  1 

L   A  pesticide  that  is  used  to  manage  vegetation 
would  be  classified  as  a  j  . 


The  complete  classification  of  a  pesticide  that  is 
designed  to  kDl  adult  mosquitoes  when  they  fly 
into  it  is  as  follows:   - 


A  pesticide  that  is  used  to  control  the  eggs  of  an 
insect  would  be  classified  as  an  

\  ■ 

A  pesticide  that  kills  an  Organism  when  it  is 
applied  directly  to  the  organism  or  when  the 
organism  "crawls  into  it  j'is  classified  as  a 
 poison. 


4.  A 


to  kill  rats  and  mice. 


is  a  pesticide  that  is  designed 


.poison. 


A  pesticide  designed  to  kill  seeds  and  bottom 
growth  of  plants  is  classified  as  


The  pesticide  that  would  be  used  in  managing 
spiders  would  be  classified  as  an  


A  pesticide  that  kills  by  ingestion  would  be 
classified  as  a  poison. 


401*  Specify  characteristics,  uses,  availability,  and 
safety  precautions  of  arsenical  compounds* 

Arsenieals.  Arsenical  compounds  used  as 
pesticides  are  divided  into  two  groups— inorganic  and 
organic. 

Arsenicals  (inorganic).  These  compounds  are 
derived  from  mineral  elements,  and  due  to  their 
persistence  (ability  to  remain  stable  for  long  periods  of 
time)  the  majority  of  them  are  Restricted  Use 
Pesticides, 

Paris  green  (copper  aceto-meta~arsenite) 
impregnated  into  vennicuiite  granules  can  be  used  to 
control  certain  species  of  mosquito  larvae,  providing  it 
is  so  stated  on  the  pesticide  container  label  This 
compound  is  a  nonstandard  stock  item  and  should 
only  be  used  when  required  and  upon  approval 

Arsenical*  (organic).  These  compounds  are  derived 
from  plant  and  animal  matter  and  are  much  less 
persistent  then  the  inorganic  arsenicals  that  were 
discussed  as  insecticides.  -  The  more,  common 
compounds  used  within  the  Air  Force  as  herbicides  are 
DSMA,  MSMA,  and  AMA. 

DSKfA  (disodiiim  monomethylarsonate)  is  .a 
postemergence  herbicide  that  is  soluble  in  water, 
nonvolatile,  and  nonflammable.  It  is  formulated  as 
water  soluble  powders  containing  50  to  100  percent 
hexahydrate,  and  as  dry  mixtures  with  vermiculite 
containing  2.5  to  4  percent  hexahydrate.  Total  water 
soluble  arsenic  in  the  50  and  100  percent  powders  is 
12.8  and  25.S6  percent,  respectively.  DSMA  is 
compatible  with  the  salts  and  esters  of  2,4— D  and  is  a 
standard  stock  item. 

MSMA  (monos odium  methanearsonate)  is  used  as 
a  selective,  contact,  postemergence  herbicide.  It  is 
formulated  as  a  water  soluble  powder  and  is  very 
similar  to  DSMA  in  action,  although  it  is  more 
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phytotoxk  and  is  more  effective  in  mgh  temperatures. 
It  is  a  nonstandard  stock  item.  1 

AMA  (ammonium  methanearsonate)  is  a  selective 
post-emergence  herbicide  formulated  as  a  water 
soluble  liquid.  This  compound  is  often  added  to  silvex 
in  controlling  certain  vegetation.  This  is  a 
nonstandard  stock  item* 

These  organic  arsenical  compounds  are  considered 
to  be  moderately  toxic  upon  ingestion  and  moderately 
to  relatively  nontoxic  through  absorption;  however* 
protective  clothing  and  equipment  must  be  worn,  and 
there  must  not  be  any  smoking,  eating,  or  drinking 
during  the  handling  of  these  compounds.  Always 
insure  that  these  compounds  do  not  contaminate  any 
waier  source  during  or  after  application. 

Exercises  (401); 

1,   Comparing    the    characteristics    of  organic 
arscnicals  and  inorganic  arsenicals*  you  will  find 

that  organic  arscnicals  are  derived  from  

and    matter;    whereas  inorganic 

arsenicals  are  derived  from  elements. 


2.   The  arsenical  compounds  that  are  used  as 
herbicides  arc  organic/  inorganic  arsenicals. 


3,    The  arsenical  compound  that  can  be  used  to 
control  certain  species  of  mosquito  larvae  is 


4.  Of  all  the  chemicals  discussed  within  the  arsenical 
compounds  the  only  one  that  can  be  obtained  as  a 
standard  stock  item  is  


5.    A  common  wse  characteristic  of  DSM  A.  MSM  A, 

and  AMA  is  that  all  three  are  used  as  

herbicides. 


6.    Point  out  the  safety  precaution  that  applies  to 
environmental  protection. 


402-  Specify  characteristics,  availability,  and  safety 
precautions  of  sulfur  compounds,  and  match  the 
organic  sulfur  compounds  with  their  appropriate  use. 

Organic  Sulfur  (Carbamates).  In  contrast  with  the 
inorganic  sulfur  compounds  (to  be  discussed  later), 
organic  sulfur  compounds  are  being  used  more 


extensively  due  to  their  rapid  breakdown  within  the 
environment.  Common  organic  sulfur  compounds' 
used  on  Air  Force  installation  are  carbaryl,  propositi;  { 
EPTC  and  SMDC 

The  carbamates  are  derivatives  of  carbamic  acid. 
Typical  carbamates  contain  nitrogen  but  differ  from 
the  chlorinated  hydrocarbons  and  organo  phosphat  c 
insecticides  in  their  lack  of  chlorine  ami  phosphorus. 
Most  carbamates  are  contact  insecticides,  lowering  the 
cholinesterasc  level  and  acting  as  nerve  poisons  in 
much  the  same  maimer  as  organo  phosphate 
insecticides,  A  number  of  carbamates,  such  as 
carbaryl,  p  tod  ace  a  rapid  knockdown  of  insects 
similar  to  the  action  of  pyrethrum. 

Carbaryl  (Sevin)  is  widely  used  in  Air'  Force  pest 
management  ptogramsto  control  a  variety  of  pests.  It 
has  a  low  mammalian  toxicity  but  is  highly  toxic  to 
honey  bees-  Carbaryl  dusts  are  used  at  two  to  five 
percent  concentrations  to  kill  fleas  on  dogs  and  cats 
(except  kittens  and  puppies  under  4  weeks  of  age). 
Since  the  restrictions  on  the  use  of  DDT  in  the  United 
States,  carbaryl  dust  has  been  one  of  the  insecticides  of 
choice  to  kill  the  Oriental  rat  Oca  in  murine  typhus 
control  programs  and  wild  rodent  fleas  in  rural  plague 
control  programs.  Carbaryl  sprays  and  dusts  have 
been  used  to  control  adult  mosquitoes.  Very  finely 
powdered  catbaryl  combined  with  other  insecticidal 
dusts  has  been  used  effectively  in  aircraft  disinsection. 
This  compound  "  is  probably  most  often  used  in 
controlling  ornamental  and  turf  pests  and  is  a 
standard  stock  item.  . 

Propoxur  (Baygon)  acts  both  as  a  stomach  poison 
and  contact  insecticide  In  cockroach  control,  the  2 
percent  bait  acts  as  a  stomach  poison,  while  the  I 
percent  spray  acts  as  a  long  lasting  residual  contact 
insecticide.  Propoxur  differs  from  many  other 
insecticides  in  having  a  "flushing  action,"  or  irritating 
quality  that  forces  insects  out  from  hiding  places  to 
make  greater  contact  with  sprayed  surfaces.  It  also  has 
a  rapid  knockdown  action.  In  some  areas*  staining  and 
odor  problems  have  been  noted  following 
applications.  Propoxur  is  also  used  in  controlling 
mosquitoes,  Hies,  sand  Hies,  ants,  earwigs,  and  many 
other  arthropods.  In  residual  applications,  it  is 
effective  in  controlling  the  brown  dog  tick,  but 
propoxur  should  not  be  used  in  treating  animals 
themselves.  Propoxur  is  a  cholinesterase  inhibitor  and 
must  be  used  with  care  despite  its  moderate  toxicity  to 
mammals.  This  compound  is  s.  standard  stock  item. 

EPTC  (S-Ethyl  diprophlthiocarbamate)  is  a 
nonstandard  stock  selective  herbicide  applied  as  a 
preemergence*  It  is  formulated  as  granules  or  water 
soluble  liquid  (emulstfiable  concentrate).  This 
compound  is  more  effective  on  grasses  than  on-broad 
leaf  plants  and  can  be  mixed  with  2,4-D- 

The  acute  oral  toxicity  of  carbamates  is  high,  but  the 
acute  dermal  toxicity  is  low;  however,  as  in  all  cases, 
when  handling  any  pesticide  you  must  wear  protective 
clothing  and  equipment  and  you  must  observe  the  very 
important  rule  of  no  .smoking,  eating,  or  drinking 
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while  handling  these  compounds.  NOTE:  SMDCis 
used  as  a  fumigarut  therefore,  it  wiU  be  discussed  later 
within  this  section  along  with  the  other  fumigemt 
compounds. 

Exercises  (402): 

J .   Match  the  organic  sulfur  compounds  in  column  A 
with  the  appropriate  use  in  column  B. 

Column  A  Cohamn  B 

Compound  Use 

 a.  Carbaryi  (?)   ReridtiaJ  trtacraeut 

 .b.  EFTC.  For  cockroach  cocrroL 

 c.  Propoxur.  (2)    Furoigant  that  b  med  for  pest 

vegetation  <ontroL 

(3)  Selective  prcemcrgcnct  treat- 
ment for  gran  controls 

(4)  Dtriraectioa  of  aircraft. 

2.    Why  are  carbamates  being  used  more  extensively 
today? 


3.  Name  the  organic  sulfur  (carbamate)  compound 
that  is  used  as  a  fumigant  is  pest  vegetation 
control  programs. 


4.    What  15  a  disadvantage  in  usin  g  prop  oxur  in  some 
areas?i 


5.   Despite  Bsygorrs  moderate  toxicity  to  mammals* 
care  must  be  taken  during  handling  because  it  is  a 
-  inhibitor. 


6.   The  carbamate  compound  that  produces  a  rapid 
knockdown  of  flying  insects  is  . 


7.    List  the  two  safety  precautions  thannust- 
taken  as  personal  protective  measures  while 
handling  organic  sulfur  compounds. 


sprays  and  as  stomach  poisons,  depending  upon  the 
compound.  The  botanical  compounds  most  often  used 
by  Air  Force  personnel  as  insecticides  are  pyrcthrum 
and  nicotine  sulfate, 

Pyrcthmm  is  extracted  from  the  flower  head  of  the  " 
chrystmtherum  cineramoefoliunt  and  is  used  as  aQ( 
contact  insecticide*  It  is  relatively  unstable  and  is 
readily  decomposed  by  alkalies,  light,  and  air  and  is 
most  generally  used  as  a  space  spray.  * 

This  insecticide  provides  quick  knockdown  of  flying 
insects  but  is  one  of  the  least  toxic  insecticides  of  all  to 
warm  blooded  animals 

Pyrcthrum  is  available  as  a  standard  stock  item  in 
the  0.6  percent  aerosol  and  the  0.4  percent  solution 
forms. 

Nicotine  sulfate  is  derived  from  the  alkaloid 
nicotine  contained  in  the  tobacco  plant  and  is  obtained 
from  the  wastes  of  cigar  and  cigarette  manufacturing 
industries^.  Decoctions  of  tobacco  have  been  used 
against  socking  insects  for  many  years  prior  to  now. 

The  40  percent  solution  of  nicotine  sulfate  is  the 
only  forumula  of  this  insecticide  that  is  available  for 
use  by  Air  Force  personnel--  It  is  a  nonstandard  stock 
item  and  is  used  in  the  control  of  spider  mites  as 
residual  contact  sprays  on  ornamental  plants. 

Although  these  botanicals  arc  considered  to  be 
contact  compounds*  they  do  have  some  fumigating 
properties;  therefore*  when  handling  these  compounds 
avoid  inhalation  by  wearing  appropriate  respiratory 
devices  and  wear  protective  clothing  and  goggles. 

Strychnine  is  the  only  botanical  compound  used  by 
the  Air  Force  ,  as  a  rodentidde  at  the  present  time. 
Strychnine  is  a  white  powder,  practically  insoluble  in 
water  but  is  readily  soluble  in*  chloroform  and  certain 
other  organic  solvents;  however*  it  can  only  be 
obtained  by  Air  Force  personnel  in  the  form  of  a 
p remixed  bah.  Its  authorized  use  by  the  Air  Force  is 
restricted  to  controlling  prairie  dogs  and  m  oles  and  is  a  . 
nonstandard  stock  item. 

Prairie  dogs  are  protected  by  Federal  laws; 
therefore;  you  must  consult  with  the  Fish  and  Game 
authorities  before  implementing  any  control  programs 
against  prairie  dogs. 

Strychnine  is  highly  toxic  if  ingested;  therefore,  you 
must — tato~eY£ry__preCTition  available  to  avoid 
contamination  oraUTSo^Taltitf^aic*--^  to 
prevent  children  and  animals  from  coming  Infer 
contact  with  it. 


8..   Most  carbamates  are  available  as , 
stock  items. 


Exercises  (403): 
L   Botanical  compounds  are 
derived  from  


and  are 


403.  Cite  characteristics,  uses,  availability,  and  safety 
precautions  of  botanical  compounds. 

Botanicals.  These  are  organic  compounds  that  are 
derived  from  plants  and  are  used  extensively  in  pest 
management  programs.  They  may  be  used  as  contact 


Name  the  characteristics  of  pyrethrum  that  could 
be  considered  as  disadvantages  or  as  advantages. 


A 


What  is  the  botanical  compound*that  is  used  as  a 
rodenticide? 


Although  the  botanical  compounds  that  are  used 
as  insecticides  are  primarily  considered  to  be 

 -  compounds!  they  also,  have  some 

 properties. 


Name  the  botanical  compound  that  is  applied  as  a 
residual  contact  spray  10  ornamental  plants. 


What  is  "the  only  botanical  compound  that  is 
available  as  a  standard  stock  item? 


7.  what  is  the  safety  precaution  that  must  be  taken 
to  protect  the  environment  from  botanical 
poisons? 


404.  Specify  characteristics^  availability,  and  safety 
precautions  of  o rganoc hlori ne com pou nds* and  match 
the  organochlorine  compounds  with  their  appropriate 
uses! 

Organochlorinesi  Organochlorines  (chlorinated 
hydrocarbons)  are  organic  synthetically  produced 
compounds  that  contain  chlorine,  hydrogen,  and 
carbon  elements,  with  some  containing  Other  elements 
such  35  oxygen  and  sulfur.  These  compounds-art  very 
persistent  and  contributed  immensely  to  the  recent 
eonccm  of  pesticide  use  spoken  about  previously. 
Because^  of  this,  most  organochlorine  formulations 
have  been  classified  as  Restricted  Use  Pesticides, 
"  which  means  that  they  can  Only  be  used  in  specific 
situations  and  by  certified  personnel  or  personnel 
under  their  direct  supervision. 

There,  arc  five  organochlorine  compounds  that  are 
~~^-^vailaMc_jT this  date  for  use  by  Air  Force  personnel. 
Dieldriru  crflordane,  tindane^jchlordecone,  and 
Methoxychlor  are  available  for^use^ii: 
situations  as  pesticides  even  though  they  ait  restricted. 
Only  dieJdrin*  chtordane\  and  lindane  can  be  obtained 
as  standard  stock  items  and  only  then  in  certain 
formulations.     '  1  ■ 

Diddrin  is  a  tan*  flaky,  solid  in  its  purest  form  and  is 
commercially  available  in  various  formulas,  but  is 
only  available  to  the  military  in  a  15  percent 
emulsifiable  concentrate  form*  it  is  highly  toxic  to 
most  insects  when  used  as  a  contact  or  stomach  poison 
and  is  highly  persistent  and  effective  in  the  control  of 
termites. 


Chlordane  is  a  pale  amber,  oily  fluid  that  can  be 
dissolved  in  many  solvents — but  not  in  water — to 
produce  oil 'solutions,  emulsifiable'  concentrates,  or 
formulated  as  wettable  powders^  and  dusts,  Chlordane  * 
acts  as  a  stomach  poison,  contact  insecticide,  and  -J  ^ 
fumigant.  Because  of  its  volatility,  chlordane  is  not 
recommended  for  general  indoor  use,  but  it  is  effective 
and  allowed  to  be  used  outdoors  in  treating  for 
termites. 

Lindane  is  the  gamma A  isomer  _pf  benzine 
hexachloride  (heclc-sa-KLOride),  a  chlorinated 
hydrocarbon  insecticide  which  has  been  used 
extensively  since  World  War  II  until  it  was  placed  on 
the  Restricted  Use  List  It  is  a  colorless,  crystalline 
solid,  practically  insoluble  in  water,  slightly  soluble  in 
petroleum  oils,  and  soluble  in  acetone,  aromatic,  and 
chlorinated  solvents.  Lindane  has  a  slightly  musty 
odor  and  has  considerable  fumigating  properties.  It  is 
a  relatively  stable  cotnpoiipd  but  is  dehydrochlor- 
icated  by  alkali.  Lindane  can  be  used  in  specific 
situations  for  controlling  pests  such  as  carpet  beetles, 
powder  post  beetles*  lice;  and  millipedes,  if  so  stated 
on  the  pesticide  label 

Chlordecone  (Keponc)  is  a  chlorinated  polycyclic 
ketone  compound.  It  is  used  as  a  stomach  poison  to 
control  ants  and  cockroaches  and  is  prepared'in  bait 
material  such  as  peanut  butter.  In  specific  situations, 
Kepone  baits  are  authorized  for  use  by  certified  Air 
Force  personnel  in  controlling  cockroaches  as  a 
supplement  \y residual  sprays,  providing  the  pesticide 
label  permits 

This  poison  bait  must  not  be  used  in  places  that  are 
accessible  to  children  and  pets?  since  it  is  very  toxic  to 
mammals.  Always  handle  with  rubber  gloves  or 
equivalent  type  and  avoid  contamination  of  other 
food  and  water  sources.  Adhere  to  the  no  smoking, 
earing,  and  drinking  while"  handling  pesticides  rule. 

Methoxychlor  is  related  to  DDT.  It  is  less  toxic  to 
mammals  than  DDT  and  is  considered  one  of  the 
safest  of  insecticides.  It  is  used  to  replace  DDT  in 
many  household  sprays  and  aerosols  because  of  its  low 
toxicity  to  humans,  its  tendency  to  be  metabolized  and 
excreted  in  the  urine  by  vertebrates,  and  particularly 
its  biodegradability.  Since  it  breaks  dov^ri  within 
weeks  after  its  application  and  does  not  remain  as  a 
residue  in  the  environment,  it  is  authorized  for  use  by 
certified  Air  Force  personnel  in  the  control  of 'black 
flics  if  the  pesticide  label  so  states. 


id-^chlorinatec 


ExercBesI 
I.    Why  are  organochlormes 
hydrocarbons? 


2.  Why  are  almost  all  organochlorine  compounds 
,       Restricted  Use  fjesticides? 
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What  organochlorine  compound  is  used  as  a 
replacement  for  DDT  in  many  household  sprays 
and  aerosols? 


4.    How  are  organochlorinc  compounds  produced? 


List  the  individuals  who  can  use  Restricted  Use 

Pesticides. 


Match  organochlorinc  compounds  with 
appropriate  uses  and  characteristics: 


their 


Compound '  Uses  and  Characteristics 

a-  Chtofdane.  1-     Easily  soluble  id  acetone,  has  a 

b.  Chlordiccooc. ..  musty  odor,  and  s  used  for 

c  Liodane.  controlling  carpet  beetles, 

d.  MethoxychJor.  2*  Prepared  as  a  bait  material 
and  is  used  as  a  stomach  poison 
to  control  cockroaches. 

3.  '  Considered  to  be  less  toxic  than 

DDT  tin  mam  nab  and  may  be 
used  to  control  black  Rica. 

4.  Acts  as  a  Stomach  poison, 
contact  poison*  and  respiratory 
poison,  and  is  used  in  termite 
treatment  programs. 

5.  Can  only  be  obtained  iathe  15 
percent  E/C  by  the  Air  Force 
and  is  only  authorised  to  be 
used  in  control  of  termites. 


405*  Specify  characteristics  and  safety  precautions  of 
organo phosphate  compounds*  list  the  organophos- 
phates  that  are  «vwlahle  as  standard  stock  items,  and 
mutch  the  Organophmte  compounds  with  their 
appropriate  uses.. 

Organophosphates*  These  compounds  arc 
synthetically  produced  and  arc  basically  derived  from 
phosphoric  acid  and  arc  characterized  by  their  similar 
structure  and  mode  of  action.  All  of  them  work  as 
inhibitors  of  the  enzyme  choUnesterase. 

In  the  early  1970s,  the  organophosphate  insecticides 
played  much  the  same  role  in  controlling  arthropods 
of  medical  importance  as  did  the  chlorinated 
hydrocarbons  from  the  middle  1940s  to  the  middle 
1960s,  The  organ  ophosphates  have  almost  completely 
replaced  the  chlorinated  hydrocarbons  as  the 
^  itcides^oflcfe ice  because  they  arc  effective  against 
i  nsects  resista  nt  ^^For^novMe^T^Qw^oun^  and 


they  are  biodegradable;  .  therefore.-  they  do  nor^— -space--Spiay_an^larvicide  in  controlling  flies.  As  a 
contaminate  the  environment  for  very  long,  have  less  .  residual  sprayTTls~l£flcctive-in^  most 
long-lasting  effects  on  non  target  organisms,  common  fly  species  except  the  housefly,  although  iris 

The  greatest  advantage  of  organochlorine  recommended  for  controlling  housefly  larvae.  Other 
compounds  from  the  medical  standpoint  is  that  they      uses  of  Dimethoate  allowed  by  the  Air  Force  are  for 


arc  considered  to  be  nonaccumulative  in  the  body  of 
humans.  Therefore,  these  compounds  wOl  dissipate 
through  the  functions  of  the  normal  body  system  after 
a  short  period  of  time  as  compared  to 
organ  ochlorines.  "  0 

Since  .the  majority  of  insecticides  authorized  foruse  ^) 
by  Air  Force  personnel  consists  of  organdphosphates,.  ^ 
they  will  be  separated  into  three  groups  for  easier 
discussion* 

Malathion  group.  This  group  is  made  up  of  open 
chain  compounds  as  distinguished  from  aromatic 
hydrocarbons  containing'  phosphorus,  and  is 
sometimes  referred  to  as  the  aliphatic  derivatives  of 
phosphorus  compounds  which  include'  Malathion, 
dichlorvos,  dimethoate*         and  trichlorfon. 

Malathion  is  one  of  the  safest  and  most  useful  of 
insecticides,  being  a  far  less  active  choUnestexase 
inhibitor  than  most  other  common  -  organic 
phosphates.  It  has  a  less  adverse  effect  upon  the 
natural  habitat  than  more  persistent  insecticides  and, 
in  general* has  replaced  DDT  as  the  chemical  of  choice 
for  killing  adult  mosquitoes,  bedbugs,  and  human  lice* 

Technical  grade  malathion  is  a  clear  amber  fluid 
which  can  be  incorporated  into  solutions,  emulsifiahle 
concentrates,  dusts,  and  wettable  powders.  The  odor- 
causing  impurities  have  largely  been:  removed  in 
present-day,  premium  grade  materials,  Malathion  is 
registered  for  the  control  of  more  than  100  species  of 
insects  and  is  a  standard  stock  item  within  the  Air  " 
Force  inventory* 

Residual  application  of  malathion  to  surfaces  at  a 
rate  of  100  to  200  milligrams  per  square  foot  (standard 
.applications  of  1  to  2  gallons  of  25  to  5  percent  sprays 
are  1000  square,  feet)  have  given  effective  kill  of 
mosquitoes  for  3  to  5  months.  When  used  as  a  fog  or 
mist  in  space  spraying,  excellent  mosquito  lolls  have 
been  obtained.  Ultra-low  volume  space  application  of 
malathion  with  groud  or  aerial  equipment  has  resulted 
in  spectacular  control  of  mosquitoes  in  many  areas. 

Dichlorvos  (DDVP  or  Vapona)  was  synthesized 
and  tested  by  research  workers  at  the  Center  for 
Disease  ControL  It  differs  *  from  most  other 
insecticides  in  that  it  can  be  incorporated  into  resin 
strips  or  pellets,  to  give  off  toxic  vapors  for  up  to  4 
months,  and  thus  to  be  used  as  a  residual  fumigam. 
DDVP  resin  strips,  a  standard  stock  item,  are  sold- 
commercially  and  used  by  the  general  pubb'cto  control 
cockroaches,  ants,  spiders,  clothes  moths,  sitverfish, 
,  and  many  other  household  insects.  The  Air  Force  uses 
these  strips  for  inclusion  into  retrograde  cargo* 

Dichlorvos  emulsions;  a  nonstandard' stock  item, 
can  he  used  as  residua]  sprays  or  as  space^sprays  for 
controlling  pests  such  as  bedbugs,  Siting  midges, 
mosquitoes,  and  stored  products  pests. 

Dimethoate  (Cygon)  has  been  proven  effective  as  a 
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controlling  spider  mites  and  scale  insects.  This 
compound  is  a  nonstandard  stock  item  and  must  be 
obtained  through  local  purchase. 

Naled  (Dibrom)  is  closely  related  to  dichJorvos 
(DDVP),  two  bromine  atoms  being  added  to  the 
molecular  structure.  It  is  a  contact  and  stomach 
poison.  This  material  is  a  standard  stock  item  and  is 
generally  used  in  space  sprays  for  control  of  adult 
mosquitoes  and  flies  at  application  rates  of  from  0.02 
to  0. 1  pound  per  acre,  significantly  lower  dosages  than 
are  used  with  malathion  for  mosquito  control.  Naled 
aerial  applications  are  reported  to  provide  better  adulr 
fly  control  than  malathion,  a  factor  of  some 
importance  in  vector  control  in  disaster  or  flooded 
areas.  Naled  is  approved  for  aerial  ULV  application 
and  has  provided  excellent  control  of  flies  and 
mosquitoes  in  many  areas.  It  is  also  used  as  a  bait  or 
spot  treatment  for  house  flics  out-of-doors.  It  is 
sometimes  irritating  to  people,  causing  them  to  cough 
and  sneeze,  thus  limiting  its  usefulness  in  populated 
areas.  Naled  can  cause  corrosion  of  insecticidal 
"equipment,  and  requires  special  cleaning  precautions 
or  the  use  of  special  materials  such  as  stainless  steel, 
plastic,  or  fiberglass. 

Naled  must  be  used  with'  care  to  avoid  hazards  to 
ftsh  and  wildlife,  although  it  breaks  down  chemically 
within  a  few  days  after  application,  It  has  moderate 
toxicity  to  humans-  Naled  can  be  obtained  as  a 
standard  stock  item,  ^ 

Trichlorfon  (Diptcrcx)  is  approved  for  use  by  the 
Air  Force  Only  in  the  treatment  for  white  grubs  on  golf 
courses*  parks,  ornamental  turf,  and  cemeteries; 
however,  it  is  a  nonstandard  stock  item  and  must  be 
ordered  through  local  purchase. 

When  used  with  normal  precautions,  trichlorfon 
creates  a  very  low  toxic  hazaid  to  insect  controllers 
and  the  public.  It  should  not  be  mixed  with  malathion* 
because  the  resultant  mixture  is*  more  toxic  to 
mammals  than  either  of  the  chemicals  used  separately. 

Pcrcxhion  group.  This  group  of  insecticides  have 
one  or  more  phenyl  radical  in  common  and  at  times 
are  referred  to  as  the  Aryl  (Phenyl)  derivatives  of 
phosphorous-  compounds  which  include  abate, 
fenthion.  rabon.  arfB  ronrtcl. 

A.bate  is  very  effective  as  a  mosquito  larvicide  but 
not  as  an  adulticide.  Its  extremely  low  toxicity  to 
mammals,  birds,  and  fish,  plus  its  high  toxicity  to 
mosquito  larvae  make  ir  very  effective  for  mosquito 
control  Abate  may  be  applied  by  ground  or  aerial 
equipment. 

The  one  percent  Abate  sand  formulation  was  used 
in  the  Aedes  aegypii  eradication  program  at  the  rate 
of  one-tenth  tcaspoonful  per  gallon  of.  water,  or 
approximately  one-pan  per  million  of  actual  toxicant. 
It  may  'be  used  at  this  rate  for  the  treatment  of 
bird  baths*  animal  drinking  containers,  and  drums  of 
rainwater  Because  rainwater  is  often"  used  for 
drinking  or*  cooking  in  Puerto  Rico  and  the  Virgin 
Islands,  a  careful  evaluation  of  Abate  was  made  for  4 
weeks  without  clinical  symptoms  or  side  effects 


attributable  to  Abate  and  without  detectahfe  effect  on 
red  blood'  cell  or  plasma  cholmestcrase.  Abate  is  a 
nonstandard  stock  item  within  the  Air  Force  ^ 
inventory. 

Fenthion  (Baytex)  is  an  organophosphate 
insecticide  that  provides  quick  kill  and  long-lasting 
residual  effects,This  is  a  nonstandard  stock  item  and  is 
only  authorized  to  be  used  in  controlling  adult 
mosquitoes  in  Florida  and  Texas;  and  even  then,  it 
must  be  applied  by  certified  personnel  using  ground 
equipment, 

Rabon  (Cardena)  is  a  relatively  new  contact 
insecticide,  and  thus  far  its  use  is  bruited  within  the  Air 
"Force  to  tick  and  mite  control.  It  has  low  mammalian 
toxicity  and  prospects  of  being  used  in  mosquito 
control  programs.  This  is  a  nonstandard  stock  item 
and,  as  in  all  cases,  adherence  to  the  pesticide  label  is 
mandatory. 

Roanel  (Korlan)  is  a  contact  insecticide  which  is 
useful  in  fly  and  flea  coniroL  It  has  low  toxicityto 
humans;  however,  is  a  nonstandard  stock  item. 
Residual  treatments  have  been  used  to  control 
houseflics  for  up  to  a  week  or  more.  Such  treatments 
are  more  effective  against  other  species;  such  as  the 
little  housefly,  that  have  resting  habits  similar  to  those 
of  the  housefly.  Ronnel  is  also  authorized  for  use  in 
Controlling  dog  and  cat  fleas  whenapplied  indoors  as  a 
residual,  provided  label  recommendations  are 
followed. 

Diazinon  group-  The  common  insecticides 
authorized  for  use  in  Air  Force  pest  management 
program  within  this  group  include*  diazinon  and 
chlorphyrifos.  ^ 

Diazinon,  a  standard  stock  item,  is  authorized  and 
widely  used  by  Air  Force  personnel. in  controlling 
cockroaches,  silverfish,  fleas,  spiders,  and  many  other' 
household  pests.  It  is  more  toxic  to  humans  than 
malathion;  therefore,  only  the  0.5  percent  spray  and  1 
percent  dust  are  used.  Pyrethrins  or  dichlorvos  may  be 
added  to  diazinon  sprays  to  provide  a  rapid 
knockdown  or  a  flushing  of  cockroaches,  thus 
producing  a  more  effective  kill. 

Spray  solutions  should  be  diluted  not  more  than  24 
hours  before  use.  The  solvent  used  in  formulations 
may  stain  certain  plastic,  rubber,  and  asphalt 
materials  such  as  tiles  and  floor  coverings.  Dust 
applications  may  be  used  to  supplement  spray 
applications  for  more  complete  coverage. 

Chlorpyrifos  (Dursban)  acts  as  a  contact  insecticide 
and  stomach  poison  with  some  furmgant  action  in  fie]  d 
formulations.  It  has  proved  effective  in  controlling  a 
wide  variety  of  arthropod  pests.  The  0.5  percent  spray 
of  chlorphrifos  has  given  longer  periods  of  control  of 
cockroaches  in  some  experiments  than  either  diazinon 
or  propoxur. 

In  mosquito  control,  it  has  shown  promise  as  a 
larvicide  and  adulticide.  ft  is  highly  toxic  to  mosquito 
larvae,  with  a  LD95  value  of  4.5  parts  per  billion 
against  Aedes  aegypri.  Dursban  is  effective  against 
culex  larvae  in  polluted  waters.  It  has  also  been  used  as 
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a  prchatch  treatment  to  control  temporary  pool 
mosquito  larvae.  For  example,  Aedes  vexans  larvae 
were  controlled  in  Minnesota  where  it  was  effectivefor 
periods  of  more  than  60  days.  Although  Duisbart  was 
not  labeled  for  ULV  (ultra  low  volume)  application 
with  ground  or  aerial  equipment  as  of  February  1973, 
experimental  work  with  backpack  ULV  sprayers  in 
Minnesota  gave  a  -  good  reduction  of  aedes 
mosquitoes.  ** 

Since  Dursban  is  slow  acting  against  many  insects, 
dichlorvos  or  pyiethiins  may  be  added  to  sprays  to 
give  a  rapid  knockdown.  .Mixtures  of  OJ  percent 
Dursban  with  0 J  percent  pyreittrins  or  OJ  percent 
DDVP  produced  rapid  knockdown  of  cockroaches 
and  100  percent  mortality  in  laboratory  tests.  It  is  less 
expensive  to  use  0  J  percent  dichlorvos  than  the  higher 
concentration  of  Dursban,  . 
* ,  Dursban,  a  standard  stock  item,  is  moderately  toxic 
to  warm  blooded  animals.  Heavy  application  of  OJ 
percent  emulsions  and  suspensions  in  Aedes  aegypti 
larviciding  has  decreased  the  plasma  cholinesterase 
levd  in  applicators.  / 

Exercises  (4*5):  ^ 

1.    How  arc  organophosphate  compounds  produced, 
and  from  what  are  they  basically  derived? 


The  extensive  use  of  organophosphate 
compounds  began  in  the  early  :  


Organopbps  phaie  compounds  have  almost 
completely  replaced  organ ochlorine  compounds 
in  the  control  of  medically  important  arthropods 
because  organopbosphates  are  effective  against 

insects  that  are  to  organochiorine 

compounds.  *  , 


4.  What  are  the  advantages  that  organ ophate 
/    compounds    have    over   the  organochiorine 


Match  organophosphate  compounds  with  their 
appropriate  use. 

Use 


compounds? 


Organophosphate  compounds  are  devided  into 

three  groups;  these  groups  are  ,  , 

and  


List  the  organophosphate  compounds  that  are 
available  as  standard  stock  items  within  the 
Air  Force  in  one  form  or  another. 


Compound 
.  a.  Abate* 

.  Ct'DichlorvQa, 
.  (P.  Dimetha&te. 
.  t  MftUtbHA. 
.  f „  RsJboiL 
.  g.  RonneL 


1. 


Very  effective  for  controlling  * 
mosquitoes  when  Applied  bs(J 
reskrfn&b.  fogs,  or  mists.  M 
Widdy  used  by  Air  Force 
personnel  in  cootrofling  code*  - 


Very  effective  w  i  mosquito 
larritide  bar  not  is  an  jdatO> 

Authorized  to*  be  .used  in 
controlling  dog  and  cat  flew 
when  applied  indoors  u  a 
lEuduat  if  so  stated  on  the 
pesticide  libel 

Use  is  limited  within  the  Air 
Force  to  cootxol  ticks  and  mites. 
RcsHL  strips  prepuvd  from  this 
compound  ate  used  witlua  the 
Air  Force  for  placement  into 
retimgrade  c&rgo. 
Authorized  for  use  within  the 
Air  Force  for  controlling 
spader  mites  and  5cak  insects,, 
if  label  so  states. 


406.  Point  out  characteristics,  uses,  availability,  and 
safety  precautions  of  benzoic  add  compounds. 

Benzoic  Acids*  These  compounds  are  readily 
translocated  in  the  plant.  They  IdU  through  both  root 
and  foliage  absorption.  They  are  good  temporary  soil 
sterilants  for  both  perennial  and  annual  weeds. 

2,3,6 -TBA*is  formulated  as  the  dimethylamine  salt 
of  trichlorobenzoic  acid,  containing  2  pounds  per 
gallon  acid  equivalent  It  is  npnvolatile^itoncorrosive, 
and  nonflammable,  It  is  a  mild  skin  irritant.  It  is 
compatible  with  2,4-D  amine,  dalapon,  diuron,  and 
monuron. 

PBA  is  a  mixture  of  a  small  amount  of  23*6- 
Trichloro benzoic  acid  and  a  higher  proportion  of 
several  other  polychlorobenzoic  add  derivatives.  It  is 
formulated  j  as;  the  dimethylamine  salts  of 
pojychlorobenzofc  acids,  containing  4  pounds  per 
gallon,  acid  equivalent:  It  is  nonvolatile,  noncorrosivfc, 
and  nonflammable.  It  is  a  mild  skin  irritant.  It  is 
compatible  with  amine;  dalapon,  diuron,  and 

monuron.  4 

PBA  and  2,3,6>TBA  a  re  more  effective  than  2,4-p, 
2AS-T.  or  silvex  on  bindweed,  field;  bur-franseria; 
cockle,  white;  halogeton;  knapweed,  Russian;  spurge, 
leafy;  and  thistle,  Canada. 

Picamba  is  formulated  as  the  demethylamine  salt  of 
2-methoxy~3.  6-dichloro  benzoic  acid  in  water, 
containing  4  pounds*  acid  equivalent,  per  gallon. 

It  is  very  effective  on  several  hard-to-kill 
broad-leaved  weeds,  such  as  buckwheat,  tartary; 
garlic,  wild;  knotweed*  prostrate;  Russian-thistle; 
smart-weed,  green;  sowthistle,  perennial;  spurry,  com; 
thistle,  Canada;  and  wild  buckwheat. 
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Of  these  three  benzoic  acid  ,  herbicides.  only 
Dicamba  is  a  standard  stock  item.  The- others  must  be 
obtained  through  local  purchase.  / 

When  handling  tbese  compounds,  wear  protective 
equipment  and  clothing.  Avoid  drifts  so  that  desired 
vegetation  will  not  be  affected  and  water  sources  will 
not  be  contaminated. 

Exercises  (406): 

1.   Benzoic  acids  are  readily  —  in  plants  and 

are  very  effective  as  temporary  soil  . 


2.  The  benzoic  acid  compounds  that  are  more 
effective  for  controlling  bindweed,  knapweed,  and 
spurge  than  2.4-D.  2.4,5-T,  or  silvex  are 
 and  


3.  -The  benzoic  acid  compound  that  is  very  effective 
on  hard-to-kill  broad-leaved  weeds  such  as 
buckwheat,  knotweed,  and  wild  buckwheat  is 


I 

4.    Of  the  three  benzoic  acid  compounds  discussed* 
the  only  one  that  is  a  standard  stock  item  is 


5.    What   should   you   do   to  *  avoid  personal 
contamination? 


may-cause  sJcin  irritation  after  prolonged  contact^  but 
spray  concentrations  are  not  irritating.  The  powder  or 
concentrate  solutions  can  cause  painful  irritation  Qf 
the  eyes.  Dalapon  is  used  principally  to  control 
grasses,  but  it  is  also  effective  against  cat  tails;  pine, 
jack  and  white;  phragmites;  mshes;  and  white-cedar.  It 
is  a1  growth-regulator  type  of  herbicide  that  is 
translocated  from  leaves  to  roots  and  rhizomes  of 
perennial,  grasses.  It  is  more  effective  in  foliar 
applications  than  TCA*  but  it  is  also  absorbed,by  tb£ 
roots.  For  general  weed  control,  it  is  mixed  with  a 
broad-leaved  weedkiller  such  as  2,4— D,  amitrole*  or 
silvex.  Dalapon  disappears  from  the  soil  most  rapidly 
in  warm  and  humid  regions.  It  persists  longer  in  dry, 
cool  soils  where  microbial  activity  is  low. 

TCA  (Trichloroacetate  acid)  is  very  similar  to 
Dalapon,  but  a  typical  commercial  product  contains  a 
higher  percentage  of  sodium  salt;  therefore,  it  is 
basically  used  as  a  temporary  soil  sterilant.-  TCA  is  a 
nonstandard  stock  item  within  the  Air  Force 
inventory. 

Do  not  apply  these  compounds  near  desired 
vegetation  or  irrigation  water  or  when  heavy  rains  are 
expected,  because  these  compounds  have  a  tendency 
to  leach  out  of  top  soiL 

Wear  protective  clothing  and  equipment,  avoid 
drift,  and  wash  spray  equipment  immediately 
following  use  because  these  compounds  are  very 
corrosive. 

Exercises  (407): 

I .    Aliphatic  acids  are  derived  from  

and  are  used  as    herbicides. 


2.    Aliphatic  acids  may  be  applied  as  or 

 herbicides. 


407.  Cite  characteristics  and  uses  of  aliphatic  acid 
compounds,  and  list  the- safety  precautions  to  be 
observed  with  aliphatic  acids. 

Aliphatic  Acids.  These  compounds  are  relatively 
strong  acids  and  are  primarily  used  as  herbicides.  They 
are  derived  from  sodium  salt  and  are  usually  obtained 
in  powder  or  pellet  forms:  They  are  water  soluble  and 
are  used  principally  as  selective  trans  locative 
preemergence^and  postcmergence  herbicides.  The  two 
most  common  aliphatic  acids  utilized  in  the  Air  Force 
are  Dalapon  and  TCA, . 

,  Dalapon  (2.2-Dichloropropionic  acid)  is 
formulated  as  the  sodium  salt  of  dichloropropionic 
acid.  It  is  a  water-soluble  powder  applied  in  solution 
for  foliage  spray*  A  typical  commercial  product - 
available  as  a  standard  stock  item  within  the  Air  Force 
inventory  contains  35  percent  of  the  salt  or  74  percent 
of  the  acid  equivalent*  The  acute  oral  toxicity  is  low.  It 
is  not  absorbed  through  unbroken  skin.  Undiluted,  it 


3.    What  aliphatic  acid  compound  is  used  basically  as 
a  temporary  soil  sterilam? 


4.    Dalapon  is  primarily  used  to  control 


5.  List  the  environmental  safety  precautions  that 
must  be  observed  when  using  aliphatic  acid 
compounds. 


6.    Equipment  that  has  been  used  to  apply  aliphatic 

acid  compounds  should  be  immediately 

because  these  compounds  are  . 


408.  Specify  characteristics,  uses,  and  availability  of 
phenoxy  compounds. 

Phenoxys-  The  phenoxy  compounds  include  2,4-D, 
MCPA,  2,4,5-T,  and  silvexJ  In  the  acid  form,  these 
herbicides' are  only  slightly  soluble  in  water.  For 
commercial  use*  they  are  formulated  as  esters,  which 
form  milky  emulsions  with  water  and  also  dissolve  in 
light  oils,  or  as  water  soluble  salts.  The  amines  are  the 
most  widely  used  salts.  They  are  easily  soluble  in  water 
and  are  commonly  sold  in  liquid  form*  There  are  also 
sodium  and  ammonium  salt  formulations  that  are  sold 
as  w  ater-sotuble  powders,  but  they  are  not  so  effective 
as  the  amine  salts  on  Tbard-io-fclll  species  or  on  weeds 
that  are  in  bud  stage  and  beyond.  All  of  the  salts  are 
practically  nonvolatile.  Two  general  kinds  of  esters  are 
commercially  available:  relatively  high-volatile  esters 
and  relatively  low-volatile  esters.  Although  the  low- 
volatile  esters,  vaporize  less  rapidly,  both  types  are 
volatile  at  high  temperatures.  Drift  can  occur  with  any 
of  the  formulations  if  the  spray  isxn  very  fine  droplets 
or  mist  ajK^hcre  is  a  wind. 

The  phenoxy  furmulations  are  moderately  toxic. 
The  hazard  to  livestock  and  wildlife  is  negligible  on 
treated  vegetation,  but  toxic  amounts  coufil  be  eaten  if 
animals  had  access  to  undiluted  concentrates  or  large 
amounts  of  spray  mixtures.  As  ordinarily  handled, 
these  materials  are  not  likely  to  cause  irritation  toskin 
or  eyes.  They  are  not  absorbed  through  the  skin  t  o  any 
appreciable  extent  and,  in  the  amounts  likely  to  be 
inhaled,  are  not  hazardous.  Neither  is  the  ingestion  of 
harmful  amounts  likely.  At  dosages  used  for  weed 
control,  they  may  harm  fish  in  still,  shallow  water. 
They  are  noncorrosive  and  nonflammable. 

2,4-D  is  formulated  as  water-soluble  "sodium, 
ammonium,"  or  amine  salts  and  volatile  or  low-volatile 
esters.  Sodium  salts  and  esters  are  also  available  as 
dusts.  A  new  formulation  is  the  diamine  salt*  It  Is  an 
oil-soluble  amine  that  has  the  week-killing  properties 
of  an  ester  and  the  nonvolatile  features  of  amine  salts- 
It  is  formulated  in  a  concentrate  containing  2  pounds, 
acid  equivalent,  per  gallon. 

2,4-Z>  is  used  for  the  control  of  herbaceous 
broadleavedweeds.  It  can  be  applied  at  extremely  low 
concentrations  compared  with  the  inorganic 
herbicides*  sucb  as  borates "  and  chlorates.  Jt  is 
absorbed  through  leaves  and  is  readily  translocated  in 
the  plant,  but  it  is  also  absorbed  by  plant  roots.  It  is 
commonly  used  as  a  selective  herbicide  rather  than  soiJ 
sterilant.  Its  effect*  when  applied  to  the  soil,  is 
temporary  except  under  very  dry  conditions  or  cool 
weather  2,4-D  is  used  on  many  perennial  broad- 
leaved  weeds,  since  it  is  translocated  to  the  roots  and 
underground  storage  organs.  It  is  carried  with  the 
sugars  as  they  move  out  of  the  leaves.  It  is,  therefore^ 
most  effective  on  warm  sunny  days  when 
photosynthesis  is  active.  It  is  a  very  useful  herbicide  io 
kill  annual  nongrass  weeds  that  frequently  reinfest  an 
area  treated  with  a  soil  sterilant  iafter  it  has  leached 
below  the  surface  layer  It  is  also' an  inexpensive  and 


convenient  chemical  to  loll  certain  weeds  that  are 
tolerant  to  a  soil sterilanL  Op  roadsides  and  similar 
areas  where  grasses  are  desirable  for  erosion  control 
and  in  turf.  2,4-D  can  be  used  selectively  tcrlcill  broad- 
leaved  plants  in  sod.  2,4-D  is  aiso;effective  on  certain 
broad-leaved  aquatic  plants.  It  is  also  used  for  the 
control  of  woody  plants.  The  salt  formulations  are 
practically  nonvolatile,  but.  with  the  possible 
exception  of  the  diamine  salt,  are  less  effective  t  nan  the 
esters  on  hard-to~kill  species:  The  low-volatile  esters 
are  equally  as  effective  as  the  volatile  esters  and  in 
.  some  instances  are. better.  Some  woody  species  are 
tolerant  to  2,4-D  but  susceptible  to  2A3-T  and  vice 
versa.  For  use  on  mixed  populations*  the  two 
herbicides  are  combined  in  a  formulation  sold  as 
"brush  killers/*  These  brush  killers  contain  one-third 
to  one-half  2,4^ -T  and  two-thirds  to  one-half  24-D. 
Brush  killers  are  also  effective  on  poison  ivy,  poison 
oak*  and  poison  sumac. 

A  The  esters  are  used  extensively  in  oil  for  basal-bark; 
stump,  and  cut-surface  applications.  Diesel  oil, 
kerosene,  and  water  are  used  as  carriers.  They  are  used 
"in  the  fall  and  winter  on  deciduous  trees  whenthere  are 
few  active  leaves  present  or  in  the  summer  to  increase 
penetration  of  leaves,  bud  scales,  and  baric  Water  is 
commonly  used  as  the  carrier  with  ester  in  emulsion 
for  foliage  sprays.  Only  small  amounts  of  oil  can  be 
used  for  this  latter  purpose  (up  to  10  gallons  per  acre)* 
since  oil  kills  leaf  tissue  and  hence  prevents  movement 
of  the  chemical  to  the  roots. 

MCFA  contains  several  isomers,  but  the  2-methyh 
4-chloroisomer  is  the  most  effective  for  killing  weeds. 
Therefore,  the  better  formulations  contain  a  high 
proportion  of  this  isomer.  The  most  widely  used 
formulations  are  the  sodium  and  amine  salts.  MCPA 
is  very  similar  in  use  as  2,4-D, because  it  too,  is  used  in 
controlling  herbaceous  broad-leaved  weeds;  however, 
it  is  more  expensive. 

2,44~T  is  generally  used  in  the  ester  formulation, 
although  there  are  sodium  and  triethanolamine  salts. 
There  is  also  a  new  diamine  formulation  containing  2 
pounds,  acid  equivalent,  per  gallon;  2,4-D  and 
2,4,5-T  are  also  combined  in  a  formulation  called 
bmsh r  killer. 

This  chemical  can  be  used  for  the  selective  control  of 
.  broad-leaved  weeds  in  turf  and  for  some  emersed 
aquatics  of  nongrass  species,  but  it  is  used  principally 
for  the  control  of  woody  plants.  Like  2,4-D,  it  is  a 
growth: regulator  type  of  herbicide  that  can  injure 
nearby  broadleaved  plants  through  drift.  Handling 
precautions  are  the  same  as  for  2,4-D.  The  salt 
formulations  are  practically  nonvolatile  but,  with  the 
possible  exception  of  the  diamine  salt,  are  less  effective 
than  the  esters  on  woody  plants.  The  low-volatile 
esters  are  equally  effective  as  the  volatile  esters  and  in 
some  instances  are  better. 

Some  woody  species  are  tolerant  to  2,4-5-T  but 
susceptible  to  2,4— D  and  vice  versa.  Brush  killers  are 
used  on  mixed  populations. 

Silvex  is  an  organic  acid  that  is  formulated  as  a  low- 
volatile  ester,  a  liquid  potassium  salt,  and  agranular 
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product.  When  emulsified  with  water  or  an  oil-water 
carrier,  the  ester  formulation  is  used  as  a  selective 
translocated  -foliar1  spray  tq  control  many  broad* 
leaved  weeds  and  some  woody  plants.  Commercial 
products  aie  formulated  of  mixed  propylene  glycol 
butyl  ether  esters*  a  butoxyethanol  ester,  or  an  iso- 
octyl  ester  of  silvex  to  contain  4  pounds,  acid 
equivalent,  per  gallon.  Undiluted,  the  esters  are  very 
painful  to  the  eyes  and  irritating  to  the  skin;  but  in 
diluted  spray  mixtures,  they  are  only  mildly  irritating. 
In  acute  oral  toxicity,  they  are  similar  to  esters  of 
2,4-D  and  2,4,5-T. 

Ester  formulations  of  silvex  are  used  in. much  the 
same  way  as  esters  of  2.4,5-T  except  that  (I)  they  are 
safer  where  drift  onto  cotton  is  a  hazard;  (2)  they  are 
more  effective  as  a  foilage  spray  on  maple,  red  bud. 
Cherokee  rose,  saltcedar,  and  trumpet  creeper;  (3) 
they  are  not  so  effective  for  basal-baric  and  cut-surface 
applications;  and  (4)  they  are  more  effective  on  mouse- 
ear  chiefcweed,  henbit,  and  yucca. 

The  liquid  salt  formulation  is  a  solution  of  the 
potassium  slat  of  . silvex  containing  6  pounds,  acid 
equivalent,  per  gallon.  It  is  used  to  control  aquatic 
weeds.  This  formulation  is  less  toxic  than  the  ester 
formulations  to  fish  except  brown  trout.  It  does  not 
injure  land  plants  growing  adjacent  to  treated  areas.  It 
is  similar  to  2,4-D  in  its  effect  on  many  species  of 
submersed  aquatic  weeds  and'  is  more  effective  on 
some.  Handling  precautions  are  similar  to  those  for 
the  ester  formulations. 

The  granular  product  contains  20  percent  acid 
equivalent.  It  is  used  to  control  the  same  aquatic  weeds 
as  the  liquid  salt.  Handling  precautions  are  similar  to 
those  for  the  liquid  salt  and  esters  except  that  there  is 
,  more  danger  of  inhaling  dust  and  less  danger  of  skin 
irritation,  Toxicity  to  fish  is  the  same  as  for  the  liquid 
salt! 

AH  phenoxy  compounds  thai  have  been  discussed 
are  available  as  standard  stock  items  within  the  Air 
Force  inventory  except  MCPA. 

Protective  equipment  and  clothing  are  required 
while  handling  these  compounds.  Apply  these 
compounds  in  a  manner  that  they  will  not  contaminate 
portable  water  sources. 

Exercises  (408); 

1.   Phenoxy  formulations  are  toxic 


2,  JList  the*  advantages  of  using  phenoxy  compounds 
for  the  operator  when  they  arc  applied  at  the 
recommended  raie  and  strength. 


3.   The  phenoxy  compound  is  used  to  control 
 weeds. 


4.'  The  phenoxy  compound  that  is  principally  used 
for  controlling  woody  plants  is  


5.    When  2,4-D  and  2,4,5-T  arc  combined  in  a 
formulation^  this   preparation   is  sold  as  a 


6,   The  liquid  salt  formulation  of  silvex  is  used  to 
control  weeds. 


7.   The  formulation  of  silvex  that  is  used  in  much 

the  same  way  as  2,4,5-T  is  the  

formulation. 


S,    The  phenoxy  compound  that  is  n or/available  as  a' 
standard  stock  item  is  


409.  Identify  characteristics,  uses,  availability,  and 
safety  precautions  of  phenylurea  compounds.  \ 

Phenylureas.  These  compounds  used  for,  soil 
sterilants  include  mOnuron,  diuron,  and  fenbron. 
They  are  only  slightly  soluble  in  water,  low  volatility, 
noncorrostvc,  and  nonflammable.  Thcy\  are 
formulated  as  water-dispersible  powders  and  granular . 
products.  With  the  exception  of  the  granular 
materials,  all  forms  are  applied  as  suspensions  in 
relatively  large  volumes  of  water  and  require  agitation 
in  the  spray  tank. 

Although  these  chemicals  do  not  move  far  laterally 
in  the  soil,  they  may  be  washed  down  t&  surface  of 
slopes  to  kill  vegetation  below  and  thejneach  deeply 
enough  to  reach  the  roots  of  trees,  shrubs,  and  other 
deep-rooted  plants  growing  under  the  treated  area.  All 
three  chemicals  can  irritate  eyes,  nose,  throat,  and 
skin.  j 

Monuron  is  formulated  as  a  watcr-dispersiblc 
powder  containing  80  percent  active  ingredient.  It  is 
also  formulated  as  a  granular  material. 

The  effects  of  monuron  on  all  weeds  are  slow  to 
appear.  Monuron  is  more  effective  in  light  sandy  soils 
than  in  heavy  types  at  equivalent  rates  and  is  more 
active  in  mineral  soils  than  those  high  in  organic- 
matter  content.  It  is  much  more  soluble  in  water  [than 
diuron,  so  it  is  better  adapted  to  areas  of  less  than  25 
inches  of  rainfall  a  year  except  along  irrigation  and 
drainage  ditches.  It  is  also  preferred  to  diuron  for  soils 
containing  considerable  amounts  of  clay,  especially 
bentonite.  or  of  organic ,  matter.  At  high  rates,  it 
leaches  readily  from  sandy  soils  and  moves  downward 
twice  as  fast  as  diuron  in  both  clay  and  sandy  soils.  It  is 


somewhat  more  effective  oo  grasses  than  nongrasses 
and  gives  better  control  than  sodium  chlorate.  Heavy  - 
rainfall  and  standing  or  running  water;  conditions 
favoring  microbial  activity  such  as  warm  soils  of  high 
organic-matter  content  and  moisture;  and  soil 
cultivation  shorten  its  persistence  in  the  soiL  Sterility 
of  the  soil  may  last  I  to  3  years;  this  depends  on  rates 
applied,  soil  type,  and  rainfall. 

Diuron  is  even  less  soluble  in  water  than  monuroo. 
It  is  formulated  as  a  watcr-dispersible  powder 
containing  80  percent  active  ingredient.  There  is  also  a 
liquid  suspension,  containing  2,8  pounds  per  gallon, 
active  ingredient. 

The  effects  of  diuron  on  all  weeds  arc  slow  to 
appear.  Diuron  is  more  effective  than  monuron  where 
rainfall  is  over  25  inches  a  year  and  especially  on  sandy 
soils.  It  is  not  recommended  for  areas  oflow  rainfall, 
especially  to  control  deep-rooted  plants.  Larger 
amounts  of  diuron  then  monuron  are  absorbed  by  all 
soils;  consequently,  it  is  more  persistent 

Fenuron  is  more  soluble  in  water  thanmonurnn  or 
diuron,  hut  still  only  small  amounts  can  be  dissolved 
(0.02  pound  per  gallon  water).  It  is  formulated  as  a  25 
percent  pelleted  product.  It  is  inactivated  more  rapidly 
than  monuron  or  diuron  and  is  adapted  as  a  soil 
sterilant  only  for  dry  areas. 

Of  the  three  phenylurca  compounds  discussed* 
Fenuron  is  the  only  one  that  is  a  nonstandard  stock 
item.  ^  / 

As  with  all  pesticides,  protective  equipment  and 
clothing  must  be  worn  while  handling  these 
compounds,  and  precautions  must  be  taken  to  avoid 
damage  to  desirable  plants  and  contamination  of 
water  sources. 

Exercises  (409): 

I .   What    is   the    primary    use   of  phenylurca 
Compounds? 


2.    Match    phenylurca    compounds    with  their 
appropriate  use? 

Compound  Ux 

  3.  Diuron.  ( I)    Soil  sterilanr  for  dry  area$. 

  Fenuron,  (2)    Mosc  effective  as  a  roil  sierilam 

 c<  Monuron.  where  rainfall  is  over  25  Inches  a 

year  and  especially  on  sandy  soils, 
(3)    Mosc  effective  as  a  soiJ  sterilant 

where  rainfall  -is  less  than  25 

inches  a  year. 

y    Thetwo  phenylureacompoundsthatarestandard 

stock  items  within  the  Air  Force  are  

and  


4.    List  the  safety  precautions  for  using  phenylurea 
compounds. 

■  ^ 

410.  Specify  characteristics,  uses*  araftabilfty,  and 
safety  precautions  of  triazine  compounds. 

Triazines.  Triazine  compounds  include  stmazine 
and  atrazine.  These  arc  soil  sterilants  when  applied  at 
high  rates.  Tbey*jrenoricorrosive,  nonflammable,  and 
present  no  electrical,  or  conductivity  problem  around 
utilities,  powerplants,  transformers,  signal  blocks,  or 
other  electrical  {retaliations*  \ 

Simazine,  a!  standard  stock,  item,  is  partically 
insoluble  in  water.  It  is  formulated  as  an  80  percent 
water-dtspcrsible  powder  and  as  a  4  percent  granular 
product.  Both  t  formulations  are  usei  for  the 
nonselective  control  of  vegetation  on  areas  where  any 
plant  growth  is  undesirable.  The  granularlproduct  is 
also  effective  against  rooted  aquatic  plants  such  as 
coo  mail,  fan  wort,  horned  pond-weedi  and  water 
milfoil,  .  1  r 

Simazine  is  absorbed  by  soil  colloids.  High  cation* 
exchange  capacity,  high  organic-matter  corhent  and, 
to  a  less  extent,  high  clay  content  of  soils  Reduce  iis 
toxicity  to  plants.  It  is  probably  also  deactivated  by 
soil  micro-organisms.  Simazinehas  little  of  no  contact 
action  on  foliage,  so  there  is  no  drift  hazard.  It  cannot 
penetrate  an  unbroken  /eai^cuticle  and  is  absorbed 
only  through  the  roots/  Simazine  is  ineffective  until 
water  carries  it  to  the  root  zone,  and  its  action  is  slow. 
It  is  easily  removed  from  equipment  by  washing.  It 
forms  a  suspension  in  water  that  requires  agita'ion  to 
keep  the  chemical  from  separating  out. 

Atrazine.  a  nonstandard  stock  item,  is  formulated 
as  an  SO  percent  water-dispersible  powder  and  a  4 
percent  granular  product.  It  is  more  soluble- than 
simazine;  so  it  is  more  effective  in  dry  areas.  Weeds 
that  are  better  controlled  with  atrazine  than  simazine 
are:  horsetail;  Indian  hemp;  lettuce,  prickly;  mitgrass, 
yellow;  rush,  sedge;  and  thistle,  Canada. 

Atrazine,  unlike  simazine,  is  absorbed  through 
plant  leaves;  hence,  there  is  a  drift  hazard.  It  is  slightly 
more  toxic  than  stmazine  to  mammals  and  remains 
toxic  in  the  soil  for  a  slightly  snorter  time. 

Exercises  (410): 

1.   When  applied  at  high  rates,  triazine  compounds 
are  used  as  ;  


2,  The  triazine  compound  that  has  little  or  no 
contact  action  on  foliage  and  does  not  penetrate 
unbroken  leaf  cuticles  but  is  absorbed  only 
through  the  roots  is  
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3,'  The  tiiazjnc,  compound  that  is  available  as 
standard  stock  item  within  the  Air  Force  is 


4,    The  triazine  compound  that  presents  a  drift 
hazard  is  ,  


DNC  commercial  formulations  contain  30  percent 
sodium  salt  of  DNC.  The  effectiveness  of  DNC  can  be 
increased  by  adding  ammonium  sulfate,  aluminum 
sulfate,  or  sodium  bisulfate* 


Exercises  (411); 
1,    List  the  physical  characteristics  of  the  parent 
compounds  of  the  dinitros. 


5,    Based  upon  the  text* . 
safest  to  use. 


h  would  be  the 


List  the  hazards  presented  to  humans  by  dinitro 
compounds. 


411,  List  the  characteristics  of  dinitro  compounds  and 
the  hazards  presented  to  humans;  and  cite  uses  and 
availability  of  the  dinitros* 

Dinitros*  These  are  contact  herbicides  used  alone 
and  to  fortify  oils.  The  parent  compounds  do  not 
dissolve  in  water  but  are  ( soluble  in  oiL  Sodium, 
ammonium*  or  amine.  salt  formulations  are  water 
soluble. 

The  three  parent  compounds  are  designated  by  the 
Weed  Society  of  Amercia  (WSA)  as:  DNAP, 
4,6-dinitro-o-sec-amylphenol;  DNBP.  4,6-dinitro-o- 
sec- butyl  phenol,  and  DNC  3,5-dinitro-o-cresol. 

All  three  compounds  are  yellow  dyes  that  stain  skin* 
hair,  and  clothing.  They  are  highly  poisonous  if 
swallowed*  if  absorbed  through  the  skin,  or  if  any 
appreciable  amount  of  spray  .mist  is  inhaled.  Although 
they  are  not  irritating,  they  are  readily  absorbed 
through  the  skin.  They  should  be  kept  away  from  heat 
and  open  flame. 

These  compounds  are  nonstandard  stock  items 
within  the  Air  Force  inventory  and  are  used  sparingly 
at  the  present  time  by  Air  Force  personnel. 

The  parent  compounds  are  used  nonselectively  for 
top-kills  of  vegetation.  The  sodium,  ammonium, 
amine  salts  are  used  selectively.  The  parent 
compounds  arc  very  effective  contact  herbicides  that 
control  a  wide  range  of  herbaceous  plants,  including 
many  oil-resistant  plants.  They  require  large  amounts 
of  water,  and  their  effectiveness  as  weed  killers  varies 
widely  with  the  temperature,  j 

The  dinitros  are  not  economical  to  use  on  perennial  i 
grasses  and  on  coarse*  vigorous,  annual  grasses,  ■ 
Repeated  applications-are  required  for  control  in  areas  i 
of  long  seasons  and  high  rainfall. 

DNBP  is  the  most  effective  form*  DNC  the  least- 
effecrive.  and  DN'AP  intermediate. 

DNBP  commercial  formulations  contain  5 
pounds  DNBP  per  gallon  plus  87.9  percent  oil  or  an 
alkanolamtne  salt  containg  3  pounds  DNBP  per 
gallon.  Ammonium  salts  of  DNBP  contain  !  pound 
per  gallon. 

DNAP  commercial  formulations  contain  75  percent 
DNAP. 


3,    Dinitro  parent  compounds  are  used  as  

 herbicides  and  are  very  effective  for 

controlling  plants. 


4,    The  three  parent  compounds  of  the  dinitros 
compounds  are  ,   .  and 


5.    Why  are  these  compounds  nonstandard  stock 
items  within  the  Air  Force? 


412.  Point  out  characteristics.,  uses,  availability,  and 
safety  precautions  of  anticoagulant  compounds. 

Anticoagulants.  These  are  synthetic  organic 
compounds  that  are  used  mostly  as  rodenticides^ 
although  at  least  one  of  these  compounds  is  used  in  the 
medical  treatment  of  humans  in  the  prevention  of 
biood  clots. 

Anticoagulant  rodenticides  act  to  reduce  the 
clotting  ability  of  the  blood*  resulting  in  internal  and 
external  hemorrhage  and  eventual  death.  "An. 
important  characteristic  is  that  relatively  low  dosages 
of  anticoagulants  ingested  daiEy  for  approximately  7 
days  are  fatal  to  rodents  when  the  same  total  amount 
as  a  single  dose  may  produce  no  significant  damage  or 
symptoms.  The  low  concentrations  at  which  the 
anticoagulant  rodenticides  are  effective  almost 
eliminates  the  hazard  of  acute  toxicity  to  humans  and 
greatly  reduces  this  hazard  to  domestic  animals.  Also* 
the  meal  baits  in  which  they  are  used  are  not  generally 
attractive  to  children  and  pets. 

The  anticoagufonts  kill  in  a  radically  different 
manner  form  the  older  single-dose  poisons.  Most 
single  does  poisons  kill  rats  within  hours  V£  hour  to  48 
hours)  '  after  ingestion.  Anticoagulants  must  be 
ingested  in  small  amounts  for  several  days  before  they 
become  effective.  Even  when  weakened,  rats 
apparently  do  not  associate  their  loss  of  strength  with 


their  food  supply.  They  return  to  feed  on 
anticoagulant  treated  baits  again  and  again*  Thus*  the 
problem  of 'bait  shyness  commonly  associated  with 
"one  shot"  poisons  is  largely  overcome.  Nonfatal 
doses  of  single-dose  poisons  arc  painful:  whereas* 
anticoagulants  apparently  cause  no  pain* 

Warfarin  is  known  by  Lhc  chemical  name  -3(alpha- 
acctonyt-bcnzyl)-4*hyo\oxycouinarin,  and  its 
chemical  formula  is  C19H1&04.  It  is  also  available  as  t 
the  water  soluble  sodium  salt  of  this  enol  form  called 
warficide.  Warfarin  concentrate  for  mixing  with  solid 
food  baits  was  first  released  for  public  use  in  June 
1950.  It  is  a  colorless  and  stable  crystalline  solid  at 
ordinary  temperatures  and  pressures.  It  is  odorless, 
tasteless,  and  has  a  low  solubility  in  water. 

Warfarin  is  available  as  a  0.5  percent  powder  - 
concentrate  suitable  for  mixing  with  a  bait  sue  hi  as 
commeal.  The1  concentrate  diluent  is  cornstarch. 
Ready-to-use  dry  bait  mixes  containing  0.025  percent 
warfarin  are  also  available.  The  sodium  salt  of 
warfarin  is  sold  as  a  0.5  percent  concentrate  which  is 
readily  dissolved  in  sufficient  water  tor  make  a  final 
water  bait  concentration  of  0.05  mg,/mJ. 

It  may  be  used  in  most  situations  for  the  control  of 
rats  and  mice.  The  susceptibility  of  the  various  species 
of  domestic  and  field  rodents  differs.  In  the  interest  of 
both  economy  and  safety,  the  lowest  bait 
concentration  consistent  with  the  most  effective 
control  should  be  used. 

Thorough  mixing  of  the  bait  and  poison  is  of  the 
utmost  importance.  A  power  mixer  should  be  used 
when  large  quantities  arc  mixed  on  a  routine  basis.  It  is 
important  that  clean  mixing  equipment  be  .used  to 
avoid  contaminating  the  poisoned  bait  with  materials 
which  may  reduce  its  acceptability  to  rats  and  mice.  A 
small  amount  of  activated  charcoal,  about.  xh  ounce  to 
20  pounds  of  bait  mixture,  may  be  added  to  discolor 
the  bait  mixture  and  prevent  it  from  being  mistaken 
for  food.  Equipment, used  in  preparing  poison  baits 
must  be  thoroughly  cleaned  after  its  use. 

In  areas  frequented  by  children  or  pets,  bait  should 
have  a  protective  covering  such  as  pipes,  boards,  and 
cans.  They  should  be  placed  in  areas  where  accidental 
spillage  would  not  contaminate  food  and  water  of 
humans  and  desired  animals. 

Warfarin  can  kill  any  mammal  or  bird  by  causing 
hemorrhage  if  it  is  ingested  in  sufficient  dosage  over  a 
period  of  days.  When  used  in  baits  at  concentrations  as 
high  as  0.025  percent,  household  pets  must  eat  fairly 
large  quantities  of  the  poisoned  bait  over  a  period  of 
days  before  fatal  hemorrhage  occurs.  Data  from 
animal  experiments  suggest  that  a  single  feeding  of 
prepared  bait  by  an  animal  would  be  harmless  except 
to  certain  very  susceptible  animals,  especially 
pregnant  females.  However,  where  children  or  pets  are 
present,  both  food  and  water  baits  should  be  placed  to 
minimize  the  possibility  of  accidental  ingestion. 
Species  differ  greatly  in  susceptibility.  For  example, 
chickens  may  be  raised  to  maturity  on  an  adequate 
growing  mash  containing  an  effective  rodenticidal 
concentration  of  warfarin. 


Fumarin  (trade  name  for  cuoiafuryl)  is  another 
,  anticoagulant  that  was  released  for  sale  in  the  United 
States  in  June  1955  as  a  0.5  percent  concentrate  to  be 
diluted  for  u&  to  0.025  percent  by  adding  19  pans  of  - 
bait  (carrier)  material  to  each  part  of  concentrate  by  4 
weight.  The  chemical  name  of  cumafuryl  is 
(alphaacetonyl-furfuirjjD  ^hydroxycoumarin.  The 
concentrate  is  a  white  iluffy  powder  that  is  tasteless 
and  odorless.  The  manufacturer  opt  Fumarin 
recommends  a  cereal  grain  as  the  earner  and  suggests 
that  lower  concentrations  may  be  effective  against 
certain  species  under  ideal  conditions.  There  ts  no 
apparent  advantage  to  increasing  the  concentration 
over  the  0.025  percent  strength.  Increased 
concentration  might  be  less  effective  due  to  reduced 
bait  acceptance. 

The  ^Manufacturer  recommends  that  baits  should 
not  be  adulterated  with  other  poisons  or  insecticides,- 
To  do  so  might  create  an  acceptance  problem. 

Pival  is  a  fluffy*  yellow  powder  with  a  slightly 
moldy,  acrid  odor  suggestive  of  marigolds  or  tobacco. 
It  is  essentially  insoluble  in  water  but  soluble  in 
organic  solvents.  The  sodium  salt  derivative;  though 
soluble  in  water  up  to  OA  percent,  nevertheless 
precipitates  sufficiently  from  many  natural  waters  to 
be  observed  grossly  -and  to  cause  concern  about 
diminished  efficiency.  To  eliminate  this  drawback,  a 
stabilizing  agent,  versene  (regular),  can  be  added  to  the 
water  to  make  a  0.1  percent  solution  from  which  the 
pindone  will  not  precipitate* 

Pival  i$  obtainable  as  a  0.5  percent  concentrate  in 
cornstarch.  The  manufacturer  recommends  a  1: 19 
dilution  by  weight  in  bait.  The  sodium  Salt  (Pivalyn)  is 
available  as  packaged  units  sufficient  to  poison  1  quart 
of  water.  Each  packet  has  versene  added  to  the 
Pivalyn. 

Pival  may  be  used  in  most  situations  for  the  control 
of  rats  and  mice.  It  appears  to  be  approximately  equal 
to  warfarin  in  its  rodenticidal  effectiveness.  Pival  has 
been  found  to  inhibit  mold  formation  and  the 
development  of  insects  infesting  grain. 

Diphacinone  is  one  of  the  newer  anticoagulant 
chemicals  made  available  in  the  fail  of  1957.  This 
material  is  available  as  a  OA  percent  concentrate, 
which  is  mixed  1  pound  to  19  pounds  of  bait,  and  in  a 
ready-to-use  dry  bait  formulation  containing  a  0.005 
percent  concentration  of  the  active  ingredient,  2- 
diphenylacetyM ,  3-indandionc*  The  manufacturer  of 
this  product  called  Diphacin  claims  that  this  material 
requires  fewer  successive  feedings  to  kill  than  other 
anticoagulants  and  that  it  resists  insects  and  mold. 
Methods  of  application  for  rodent  control  are  similar 
to  those  used  ,  for  other  anticoagulants  in  food  baits, 

PMP  (commercial  name)  is  another  one  of  the 
newer  anticoagulants.  Its  chemical  name  is  2-isovalcry 
1-1.3-indandione.  PMPis  available  as  a  ready-to-use 
dry  meal  bait  containing  0.055  percnet  toxicant,  in  a 
LI  percent  starch  concentrate  for  use  in  food  baits,  in 
a  water  soluble  bain  and  for  professional  use  only  in  a 
2. 1 8  percent  tracking  powder.  A  universal  concentrate 
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for  use  in  cither  cereal  or  water  baits  is  also*a4 
containing  4.33  percent  PMP, 

Food,  baits  may  be  prepared  from  the  starch 
concentrate  containing  one  percent  PMP.  The 
manufacturer  recommends  the  standard  dilution  rate 
of  one  part  concentrate  to  1 9  parts  of  bah  material. 

The  water-soluble  form  is  available  in  I  -/j  ounce 
key  opening  cans,  and  the  contents  are  added  toi 
quad  of  water.  The  manufacturer  emphasizes  that 
^effective  use  requires- continuous  exposure  over  a 
period  of  6  to  10  days  or  until  rodent  activity  ceases^ 

Anticoagulants  are  available  as  standard  stock 
items  in  the  forms  of  universal  concentrates  and  ready- 
fgixecl  baits.  Diphacin  is  available  as  a  standard  stock 
item  in  a  bait  block  form. 

Exercises  412:  , 

1.   Anticoagulant  compound:  are  primarily  used  as 
 but  may  be  used  in  medical 


treatment  -of  humans  to  prevent. 


2,    Explain  how  anticoagulants 


Comparing  anticoagulants  with  the  older  single 
dose  type  rodenticides.  list  the  advantages  of  the 
anticoagulant  compounds,  for  the  following: 
a.    Safety  to  other  animals  and  humans: 


b.    Humane  aspect: 


"  c.  Acceptability: 


The  anticoagulant  compound  that  is  described  as 
being  a  white  fluffy  powder  that  is  tasteless  and 
odorless  in  the  concentrate  form  is  :  ;  * 


5,  The  anticoagulant  compound  that  probably 
would  be  the  best  to  use  in  damp,  dark  areas 
where  molding  may  be  a  problem  is  * 


6,  The  anticoagulant  compound  that  is  described  as 
being  a  colorless,  odorless,  tasteless,  and  stable 
crystalline  solid  at  ordinary  temperatures  and 
pressures  in  the  concentrate  form  is  


The  anticoagulant  compound  that  is  described  as 
being  a  fluffy  yellow  powder  with  a  slightly  moldy 
acrid  odor  in  the  concentrate  form  is  


&  Of  alf  the  anticoagulants  discussed  in  ihe  text,  the 
one  that  would  most  likely  not  be  used  in  damp, 
dark  areas  due  to  its  mold  inhibiting 
characteristics  is  :  


K   What  is  the  >only  anticoagulant  rodenticide 
compound  that  is' available  in  a  bait  block  form 
^   asa^sjtandard  stocjc  item  within  the  Air  Force 
-^tu^plysystem? 


10.  Prom  thesafezystandpolnt,relat2ve3ylowdosages 
of  anticoagulants  must  be  ingested  -  daily  for 
approximately  how  many-days? 


413.  Identify  characteristics,  uses, * avaj jabiultv^ an d 
safely  precautions  of  various  pesticidat  cornpejiafids. 

¥  - 

Other  Pestiddal  Compounds.  The  compounds  that 
are  discussed  in  this  objective  include  floutfjnes, 
thallium  j-suLfate*  zinc  phosphide,  synthetic 
pyretnroids,  diquat.  and'meroury  compounds.  tt 

Flourmes.  Only  one  of  these  compounds  is  available 
for  use  by  military  personnel  in  controlling  pests, 
which  is  a  synthetic  organic  element. 

Sodium  mo nofluoro acetate  (Compound  1080)  is  a 
light*  white,  crystalline  compound,  odorless  and 
tasteless,  soluble  in  water,  but  practically  insoluble  in 
organic  solvents*^  fats,  and  oils.  Although  this 
rodenticide  is  a  nonstandard  stock  itent  it  is  available 
for  military  use;  but.  because  of  its  high  toxicity  to 
vertebrates,  its  use  is  restricted  to  the  point  .of  almost 
nonexistence  and  most  be  approved  by  the  Surgeon 
General  of  the  service  involved. 

There  is  no  know  antidote  for  1G80:  therefore* every 
safety  precaution  must  be  taken  to  prevent  inhalation 
and  ingestion.  Wear  disposable  gloves  and  dispose  of 
them  properly,  wear  a. respirator  designed  to  protect 
against  this  compound,  and  insute  that,  the  no 
smoking,  no  eating,  and  no  drinking  rule  is  strictly 
in  forced  while  handling  this  compound. 

Thallium  sulfate.  This  is  a  synthetic  inorganic 
compound  that  contains  a  bluish  lead-like  metal 
element  and  is  greyish  white  in  color,  odorless  and 
tasteless.  It  is  a  highly  toxic  stomach  poison_used 
primarily  for  controlling  domestic  and  fiedl  rodents. 
This  compound  is  no  longer  available  to  Air  Force 
personnel  and  it  is  practically  impossible  to  obtain 
anvwhere  in  the  United  States. 
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The  only  reason  for  mentioning  thiscompound  is  to 
bring  awareness  to  its  toxicity  and  to  make  it  known 
that  it  is  not  to  be  used.  Because  this  compound  has 
not  been  restricted  for  ve*y  long,  it  is  possible  that  you 
might  happen  to  find  some  of  this  compound 
pigeonholed  in  pest  management  sections.  In  case  you 
do  find  this  compound  in  a  shop,  you  should  arrange 
for  disposal  by  following  the  guidelines  established  by 
AFM  67-1,  Volume  6  or  AFR  19-1. 

Ztoc  phosphide.  Zinc  phosphide;  a  synthetic 
inorganic  compound,  is  a  heavy,  dark  gray  powder 
tbat  is  chemically  stable  and  insoluble  in  water.  It  has  a 
faint  odor  of  phosphorus  cfue  to  the  slow  release  of 
phosphine  (PH3).  Both  thefpowder  and  gas  an*  very 
toxic.  Zinc  phosphide  should  be  weighed  and  mixed 
out-of-doors,  preferable,  orjin  a  well-ventilated  room, 
to  avoid  inhalation  of  gas'  or  dust.  Gloves  should  be 
worn  when  one  is  mixing  or  distributing  baits. 

This  rodent ieide  has  been  used  for  many  years  and  is 
effective  against  all  species  of  rats  and  mice.  Though 
highly  toxic  to  all  animal  life,  some  animals  will  not  eat 
baits  prepared  with  it  because  of  its  objectionable  odor 
and  taste.  Most  species  of  rats  and  mice  will  accept 
attractive  zinc  phosphide  baits.  Zinc  phosphide  is  used 
atastrenghtojkbout  orfe  percent  J>y  weight  in  blended  * 
or  mixed  baits.  The  baits  rhust  be  thoroughly  mixed 
because  of  the  small  amount  of  toxicant  required. 

Zinc  phosphide  reacts  with  dilute  acids  to  release 
phosphine;  therefore,  bait  materials  containing 
organic  acids  may  be  unsuitable  because  they  cause 
this  poison  to  deteriorate  too  rapidly.  However,  bait 
materials  that  cause  slow,  deterioration  may  be 
desirable  as  a  safety  factor.  This  compound  is  a. 
standard  stock  item  within  the  Air  Force  inventory. 

As  asafety  factor*  eanaremeuclantimonypotasium 
tartrate)  should  be  added  tathe  poison  before  mixing 
with  bait  in  the  proportion  by  weight:  zinc  phosphide. 
$  parts;  tartar  emetic,  3  parts,  even  though 
acceptability  of  such  baits  is  thereby  reduced.  Oils  and 
fats  used  as  a  binder  also  increase  absorption  of  poison 
into  a  rat's  body. 

Poisoned  baits  should  be  placed  out  of  reach  of 
other  animals/Wear  gloves  when  handling  poison  and 
poisoned  baits.  Use  rubber  gloves  In  mixing  baits. 
Wash  all  utensils  after  mixing.  Distribute  bait  with  a 
spoon,  and  discard  all  unused  bait  safely.  Be  sure  that 
each  com  airier  is  labeled  "Poison"  and  placed  out  of 
reach  of  children,  irresponsible  person,  pets,  and 
livestock. 

Synthetic  pyrethroids*  These  are  synthetically 
produced  compounds  that  are  used  extensively  as 
replacements  for  statural  pyrethrum. 

Alleihrin  is  similar  to  the  cinerin  1  found  in 
pyrethrum.  This  insecticide  was  synthesized  by 
workers  of  the  US  Department  of  Agriculture  as  a 
replacement  of  natural  pyrethrum.  Atlethrin  is  usually 
fortified  by  synergists  such  as  piperony]  butoxide  or 
MGK  254.  Field  populations  of  fjies  and  mosquitoes 
have  not  developed  resistance  to  pyrethrum  or 
alkthrin.."  ,  *  ^ 


Resmethrin  (SEP-1382)  is  one  of  a  group  of  ^ 
synthetic  pyrethroids  made  by  modifying  the  structure 
of  natural  pyrcthrins.  It  is  more  effective  against  some 
insect  species  than  the' natural  pyrcthrins,  is  even  less 
hazardous  to  mammals,  and  does  not  require 
synergists  to  enhance  its  insectiridal  action.  In  1973,  a«\ 
commercial  preparation  containing  lesrnethrin  was  \k> 
sold  in  the  United  States  to  control  insects  in  %J 
households_aMrestaurant&  This  preparation  includes 
ultraviolet  light  screening  agent  which  helps  prevent 
breakdown  of  the  material*  permitting  residual 


;vcui 

idual^^ 
dart 


insecticidal  action  for  a  longtime,  particularly  in 
areas  such  as  those  behind  stoves  in  kitchens.  ^ 

Because  pyrethroids  do  not  persist  a  long  time  in  the 
environment,  much  research  is  being  conducted  with 
these  materials.  They 'may  eventually  play  a  role  in 
controlling  adult  mosquitoes  and  flies,  including  the 
stable  fly.  "  *  v 

*     These  compounds  are  primarily  used  as  aerosols  for 
space  spraying  areas  in  the  control  offlying  insects  and 
are  commoiuY*«ggeivedV  instead  of  pyrethrum, 
^through  the  Air  Force  supply  system  even  though  they 
are  not  listed  as  a  standard  stock  item. 

Diquai.  This  compound  is  a  nonvolatile, 
nonflammable,  and  nonselective  contact  herbicide 
used  for  aquatic  weed  control  It  is  highly  toxic  to 
main  mals  when  ingested,  and  special  precautions  must 
be  taken  to  avoid  inhalation  and  ingestion;  however,  it 
is  a  standard  stock  item. 

Mercury.  All  mercury  compounds  are  highly  toxic 
and  may  ne  either  inorganic  or  organic-Due  to  their 
high  toxicity,  there  is  only  one  mercuric  compound 
that  is  used  by  the  Air  Force;  and  that  is  PMA. 

PMA  (Phenyl"  mercuric  acetate)  is  a  selective 
compound  used  as  a  postcmcrgpnet  herbicide.  This 
compound  has  also  been  used  asa  fungicide  in  treating 
seeds  and  grains  to  prevent  molding. 

PMA  is  formulated  as  a  water  solution  anjd  as 
granules.  These  formulations  can  cause  severe  bums 
and  irritations  to  the  skin  and  eyes. 

This  is  a  highly  toxic  compound  both  orally  and 
dermaliy.  and  extreme  care  must  be  taken  to  prevent 
ingestion,  inhalation,  and  contact  by>  wearing 
coveralls*  gloves,  hat,  boots,  respirator,  and  goggles. 

Do  not  apply  to  turf  if  temperature  is  above  85°  F 
(30°C).  ami  avoid  drift. 

PMA  is  a  nonstandard  stock  item  but  can  be 
obtained  through  local  purchase, 


Exercises  (413): 

Match  compounds  with  the  statements  that  apply  to 

each:: 


Compound  Siaiemenr 

„  L  Allcthrtn.  a.  This  compound  is  a  heavy  daxfcgray 

r  2,  DiquaJ,  powder  that  has  a  faim  odor  of  phos- 

r  3.  PMA.  phorous  and  iSr  used  as  arodenticide 

r  «t.  Reimeihriti.  when  mixed  with  bait. 
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Compound 

5.  Sodium 
tnoaofluoro- 
acetate. 

sulfate. 
.  7,  Zinc 
phosphide. 


Siaierrtent  . 

This  compound  is  used  as  a  space 
spray  for  controlling  flying  insects 
antj  docs  not  require  a  synergist  to 
enhance  Its  uwxtbadial  action. 

c.  This  compound  Is  used  as  a  non- 
selective contact  herbicide  for 
com  rolling  some  species  of  aqu&tte 
weeds  and  highly  lOJtic  to  mam  mats 
when  mgcfied. 

d.  This  compound  is  a  light,  white 
crystalline  compound  thar  is  odor- 
less, tasteless,  nighty  toxic,  and  Is 
soluble  in  water  and  is  used  as  a 
rode  mi  cid  e  wai  er  bait  u  pon  a  pp  roval 
by  the  Service  Surgeon  General 

e.  This  compound  ts  one  of  several 
componndsnhat  was  synthesized  as  a 
replacement  of  natural  pyrechrum 
and  is  normally  To  re  hied  by  a 
synergisL 

f.  This  is  a  highly  toxic  compound  bocb 
orally  And  dermally.  and  is 
formulated  as  a  water  solution 
and  as  granules.  Formulations  of 
this  compound  can  cause  severe 
burns  and  irritations  to  ihe  skin  and 
eyesand  shouJd  noi  beappticdioiurf 

,         ^  when  temperatures  are  above  85Q  F... 

g.  This  compound  is  no  ionger 
available  co  Air  Force  personnel^ 
and  ts  practically  impossible  to 
obtain  within  the  United  Slates.  It 
is  a  synthetic  inorganic  compound 
thai  is  greyish  white  \&  color  and  is 
odorless  and  tasteless. 

Compleie  exercises  8  through  1  X. 
8.    The  compound  that  is  often  referred  to  as 
Compound  1080  is  ■ 


9,    Of  all  compounds  discussed  thus  far.  the  one  that 
has  no  known  effective  antidote  is  


10.  The  compound  that  must  be  disposed  of  upon 
detection  due  to  its  use  being  extremely  limited 
and  cannot  be  used  by  Air  Force  personnel  ts 


11.  The  substance  that  is  added  to  zmc  phosphide  as 
a  safetv  factor  is  J 


414.  State  the  characteristics,  uses,  availability,  and 
safetv  precautions  for  each  identified  furti  gam 
compound, 

-  Compounds  Used  as  Futtiigants.  Fumtgants  are 
gases  designed  to  kill  cells  and  tissues  of  plant  and 
animal  matter  by  penetrating  the  dermal  wall  and 


respiratory  process.  These  gases  are  dispersed  in 
molecular  form  which  provides  thorough  and  rapid 
penetration,  Fumigants  may  be  obtained  in  solid, 
liquid,  and  gaseous  forms,  Regardless  of  what  form 
the  fumigant  is  obtained  in,  the  end  result  will  be  in 
gaseous  form  once  it  is  released, 

All  modem  fumigants  that  produce  effective  control 
of  pesw  ait  also  toxic  to  man-  Therefore,  every 
fumigator  must  receive  thorough  training,  must  be 
provided  with  proper  equipment,  r  and  must 
understand  the  hazards  associated  with  the  fumigants 
he  uses, 

Naphthalene.  This  common  household  fumigant  is 
obtained  by  the  distilling  of  coal  tar.  The  product  is 
marketed  as  moth  balls  or  flakes  and  is  used  by  the  Air 
force  in  controlling  bats.  Naphthalene  has  proven  to 
be  an  excellent  repellent  for  squirrels,  skunks,  and  rats 
in  inclosed/spaces,  It  has  been  replaced,  to  a  'large 
exrent,  by  paradichloro^enzene,  a  fumigant  that  has  a 
more  pleasant  odor,.  Naphthalene  flakes  are  available 
as. a  nonstandard  stock  hem. 
/  Paradichlorobenzene  (PDB).  This  is  a  chlorinated 
hydro-carbon  compound  and  is  used  primarily  for 
protecting  woolens.  Furs,  and  insect  collections  from 
insect  attack,  and  as  a  masking  deodorant  tn  such 
places  as  public  rest  rooms.  Satisfactory  control  of  fly 
breeding  in  garbage  cans  is  maintained  by  applying 
two  ounces  of  PDB  per  can  every  I  to  2  weeks  tn  a 
container  attached  to  the  cover.  Paiadichlorobenzene 
is  a  nonstandard  stock  item, 

Dichlorvos.  This  compound  was  previously 
discussed  in  this  section  under  the  subject  of 
organo phosphates.  It  does  serve  as^a  fumigant. and  is 
authorized  for  use  by  the  Air  Force  when  placed 
within  retrograde  cargo. 

Calcium  cyanide.  This  compound  is  probably  the 
most  commonly  used  rodent  fumigant  for  gassing 
rodent  burrows  outdoors  or  small  inclosed  harborages 
indoors.  Calcium  cyanide  should  nevei  be  used  near  a 
building  occupied  by  people.  It  is  a  grayish-white 
compound  available  in  either  granular  or  powdered 
form  which  produces  hydrocyanic  acid  gas  upon 
exposure  to  meist  air.  Both  the  dust  and  the  .gas 
liberated  will  kill  any  animal,  including  tnsect^ahd 
man.  In  rat  control  it  is  used  to  treat  burrows  and 
under  certain  circumstances  small  inclosed  spaces  or 
harborages.  An  advantage  of  this  gas  over  poisons  is 
that  it  kills  the  flea  and  elite  parasites  as  well,  a  factor 
of  considerable  importance  in  controlling  the  spread* 
of  diseases  such  as  plague  and  murine  typhus. 

Calcium  cyanide  is  extremely  hazardous  to  humans 
and  should  be  used  only  be  well-trained  personnel. 
Personnel  should  stand  upwind  white  applying  rhis 
fumigant  and  must  have  appropriate  gas  masks  and 
cannisters  available  for  use.  Calcium  dust  is  available 
as  a  standard  stock  item. 

Aluminum  phosphide.  This  compound  is  one  of  the 
newest  compounds  used  as  a  fumigant.  The  fumigant 
is  actually  hydrogen  phosphide  which  is  a  gas  released 
by  aluminum  phosphide,  It  is  used  primarily  for 
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intransit  freight  car  fumigation  to  rid  processed 
nonpcrishabte  subsistence  items  of  stored  products 
pests.  This  compound  can  be  obtained  in  pellet,  tablet, 
and  powdered  forms  and  is  a  standard  stock  item 
authorized  for  use  by  military  personnel  in  fumigating 
for  stored  products  pests  which  is  accomplished  by  the 
tnp1a.ee  atmosphere  fumigation  method. 

Aluminum  phosphide  has  a  very  rapid  molecular 
action,  is  corrosive  to  gold,  and,  in  its  pure  state,  is 
highly  explosive  when  exposed  to  the  atmosphere;  but 
the  forms  in  which  it  is  obtained  for  Air  Force  use  have 
been  formulated  with  a  cooling  agent  and  protective 
layer  to  retard  rapid  decomposition  caused  by 
exposure  to  the  atmosphere. 

Although  this  compound  is  considered  to  be  the 
safest  fumigant  available,  protective*  clothing  and 
equipment  still  must  be  worn  when  .entering  or 
cleaning  a  freight  car  of  stack  that  is  under 
fumigation.  The  advantages  of  this  fumigant  is  the 
intransit  fumigation  ability  and  the  fact  that  stacks  can 
be  fumigated  under  cover  within  a  building  that  is 
occupied  by  other  personnel 

SMDC  (Vapam).  This. is  a  solid  compound  that  is 
readily  soluble  in  water  and  is  recognized  as  a 
fumigant  for  controlling  vegetation.  Its  use  in  the  Air 
Force  is  limited,  but  it  can  be  used  as  a  pieplant 
fumigant  to  kill  germinating  seed  of  both  grasses  and 
nongrasses.  It  is  sometimes  used  in  controlling 
nematodes  and  soil  fungi  and  is  a  nonstandard  stock 
item, 

Sulfwyt  fluoride.  This  fumigant  is  a  nonstandard 
stock. item,  but  is  authorized  for  use  by  Air  Force 
personnel  in  fumigating  structures  for  dry  wood 
termites.  This  is  a  liquid  compound  that  is  stable, 
odorless,  nonflammable,  nonexplosive,  noncorrosive, 
and  shows  rapid  penetration  and  may  eventually 
replace  methyl  bromide. 

Methyl  bromide.  This  is  a  heavy,  (heavier  than  air)) 
odorless,  and  nonflammable  gas  fumigant.  It  is  a 
standard  stock  item  and  is  authorized  for  use  within 
the  Air  Force  for  fumigating  structures  in  treating  for 
dry  wood  termites.  Other  methyl  bromide  uses  include 
fumigating  for  clothes  moths  and  carpet  beetles  and 
also  as  a  herbicide  fumigant. 

As  a  herbicide  fumigant,  it  is  used  as  a  preplant 
herbicide  to  kill  seeds  and  can  be  used  to  control 
nematodes  and  soil  fungi.  It  is  especially  good  as  a 
herbicide  fumigant' because  of  its  heavy  properties 
which  allows  it  to  remain  on  the  ground  instead  of 
rising.  / 

Since  methyl  bromide  is  odorless,  chloropkrin  is 
added  to  provide  a  warning  agent. 

v*Jl  fumigants  are  toxic  to  all  forms  of  life,  and  their 
use  must; be  with  extreme  caution.  Applicator  must 
wear  protective  clothing  and  equipment.  Gas  masks 
with  appropriate  canntsters  for  the  type  of  fumigant 
being  used  must  be  worn  and  precautions  must  be 
taken  to  avoid  explosions  and  fires.  The  area  being 
fumigated  must  be  adequately  and  readily  identified 


with  the  posting  of  warning  signs,  and  in  most  cases 
the  areas  must  be  sealed  off  to  keep  individuals  away. 

Detailed  safety  precautions  for  using  all  types  of 
pesticides  are  provided  in  Volume  2,  "Vj 

Exercises  (414): 

State  the  characteristics^  uses,  availability,  and 
safety  precam*  ^ns  for  each  of  the  fumigants  identified 
below. 

1-    Methyl  bromide: 
au  Characteristics 
CO 


(2) 


(3) 


(4) 


b.  Uses; 

m 


(2) 


c  Availability: 


d.    Safety  precautions: 

(1)    Personal  protection 


£2)   Property  protection 


(3)    Public  protection 


2»    Aluminum  phosphide: 
a.  Characteristics: 
CD 


(2) 


is  24S 


b.  r  Uses: 


c.  Availability: 


d-   Safety  precautions  fon 
(1)   Personal  protection 


(2)    Property  protection 


(3)   Public  protection 


3.    Calcium  cyanide: 
a.  Characteristics: 
0) 


(2) 


(3) 


b,  "  Uses: 


c.  Availability: 


d.   Safety  precautions  for: 
(1)    Personal  protection 


(2)  public  protection 


1-2.    Pesticide  Formulations  and  Calculations 

In  most  cases,  pesticides  are  received  in 
concentrated  form  to  save  expenses  for  transporting. 
Therefore,  you  as  a  pest  manager,  will  be  required  to 
prepare  pesticidal  formulations  that  will  be  effective 
and  safe  from  the  pcsticidal  concentrates.  To  do  this, 
you  must  know  what  type  of  materials  that  can  be  used 
in  preparing  a  certain  type  of  formulation.  In  addition 
to  this*  you  mast  be  capable  of  calculating  the  correct 


amount  of  concentrate  to  be  used  in  obtaining  and 
identified  percent  of  finished  product  and  calculating* 
the  correct -amount  of  finished  product  to  do  the  job  Hj 
according  to  recommendations  provided  on  the 
pesticide  labd  ^ 

Tq  calculate  the  amount  of  finished  product  needed 
to  do  a  job,  you  must  also  be  able  to- calculate  the 
amount  of  areas  to  be  treated  and,  in  many  cases,  the 
speed  in.  which  the  pesticide  has  to  be  applied  in  order 
to  apply  it  at  the  recommended  rate. 

Within  tins  section,  discussion  wDl  be  based  upon 
the  identification  of  supplementary  materials  used  in 
conjunction  with  pesticides*  the  components  of 
common  pesticide  formulations^  the  methods  for 
calculating  the  amount  of  area,,  rate  of  application, 
and  the  quantity  of  pesticide  concentrate  to  be  added 
to  obtain  a  proper  mixture. 

NOTE:  All  calculation  exercises  in  this  chapter  have 
been  carried  two  places  beyond  .the  decimal  point  to 
obtain  a  more  accurate  product  which  is  required 
?  hen  pesticides  are,  involved.  '  * 


415.  Match  supplementary  materials  with  their 
appropriate  purpose  of-  use  in  conjunction  with 
pestieides-  L  - 

Supplementary  Materials  and  -Their  Use.  The 
materials  used  in  the  context  of  this  course  are 
materials  that  help  the  pesticides  to  work  more 
efficiently  and  economically  by  acting  as  .solvents, 
emulsificrs,  spreading  and  wetting  agents,  adhesives  or 
stickers,  perfumes  and  masking  agents,  "synergists,  and 
carriers  or  diluents.  It  is  generally  not  economical  to 
apply  pesticides  as  technical  grade  material  or  in 
concentrated  form.  A  wide  variety  of  chemicals  nave 
been  found  useful  in  formulating  sprays  and  dusts. 

Repellents.  These  axe  substances  that  keep  pests 
away  from  plants  or  animals. by  emitting  odors  that 
are  offensive  or  present  an  appearance  or  taste  that  js 
undesirable.  Diethyl  toluamidc,  a  repellent,  is  applied 
to  exposed  skin  surfaces  and  clothing  to  prevent  attack 
by  mosquitoes  and  other  arthropods.  Moths  are 
repelled  by  clothing  treated  with  naphthalene. 
Repellents  do  not  necessarily  kill  arthropods,  but  they 
do  protect  people  and  materials  from  arthropod 
attack. 

Attractants.  These  are  substances  that  attract 
arthropods  by  sensory  stimulation.  They  are  used  to 
lure  arthropods  into  traps  or  away  from  certain  areas. 
They  are  also  used  to  enhance  poison  baits  so  that  an 
arthropod  will  eat  it.  An  example  of  attraction  is  the 
response  of  insects  to  odors  from  foods,  opposite  sex, 
prey,  or  from  sites  suitable  for  the  deposit  of  eggs.  A 
few  attempts  nave  been  made  to  use  the  principle  of 
attraction  to  induce  pests  to  eat  poison  baits  or  to  lure 
them  into  various  types  of  traps. 

Dessicants.  Very  finery  powdered  silica  gels  and 
silica  aerogels  have  been  tested  for  the  control  of 
cockroaches,  fleas*  kissing  bugs,  dry  wood  termites, 
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and  such  ectoparasites  of  domestic  animals  as  licks,  T 
lice,  and  mites.  Silica-  aerogels  and  ditto  maceous 
earths  are  also  used  to  protect  stored  grains  from  the 
attacks  of  beetles  and  moths  in  rnahy  countries.  These 
compounds  kill  arthropods  by  damaging  the  outer, 
waterproof  layer,  of  the  arthropod  exbskeleton,  the 
epicuticle, — either -by  absorbing  the  fatty  or  waxy 
material — or  by  abrasion.  The  arthropods  lose  liquid 
rapidly,  sometimes  becoming  incapacitated  m  an 
hour's  time,  and  die  by  dedication.  These  materials 
are  reported  to  be  nontoxic  to  man  and  to  warm* 
hlooded  animals.  Sorptive  dusts  are  amorphous  rather 
than  crystalline  compounds,  so^they  do  not  cause 
silicosis.  Since  the  action  of  the  dusts  is  physical  rather 
than  chemical,  it  is'possible  that  arthropods  will  not 
become  resistant  to  therm  The  real  problem  is  using 
this  type  'of  control  is  to  keep  the  fine  powder  m  areas 
where  arthropods  will  come  in  contact  with  it. 
,  Solvents.  A  solvent  dissolves  a  pesticide  so  that  the  \ 
molecules  of  a  pesticide  are  evenly  dispersed  - 
throughout  the  resultant  solution*  The  solvent  acts 
both  'as  a  carrier  for  the  pesticide  and  as  a  diluent, 
reducing  the  concentration  of  tbe  insecticide,  to  the 
most  economical  percentage?  Some  solvents,,  such  as 
petroleum  fractions,  also  add  to  the  insect-killing 
powers  of  the  formulation*  jM&ny  pesticides  are 
dissolved  in  solvents  such  as  fuel  oil,  kerosene;  or 
xylene  in  the  preparation  of  field  spray  solutions  or 
emulsifiahle  concentrates.  The  selection  of  a  solvent 
depends  on  its  ability  tp  hold  the  pesticide  in  solution, 
its.  toxicity  to  animal  and  plant  fife;'  its  odor  and 
staining  characteristics,  and  its  fire  hazard. 
»  Two  general  types  of  solvents. are  commonly  used: 
(1)  volatile  liquids,  such  as  xylene,  which  evaporate 
after  spraying  and  leave  only  a  residual  deposit  of  the 
pesticide,  and  (2)  nonvolatile  or  serjiivolatile  liquids, 
a  such  as  petroleum  oil,  which  leave  the  surface  coated 
with  a  solution  of  the  toxicant.  Fuel  oil  and  kerosene 
do  not  dissolve  the  high  concentrations  of  pesticides 
needed  to  make  emulsifiahle  concentrates,  so  other 
compounds  are  often  used  as  auxiliary  solvents.  The 
flashpoint  must  be  considered  when  selecting  a' 
pesticidal  solvent  for  fogging  operations.  Materials 
with  a  low  flashpoint  increase  the  fire  hazard  of  an 
insecticide;  therefore,  solvents  with  flashpoints  over 
200°  F  are  preferred. 

Emuisifiers.  An  ernulsifier  is  a  surface  active  agent 
(detergent)  that  stabilizes  a mixture  of  a  liquid  within  a 
liquid; .  Milk,  for  example,  is  an  emulsion. with  tiny 
globules  of  butterfat  and  other  ingredients  suspended 
in  water,  A  technical  grade  insecticide  may  be 
dissolved  in  xylene  and  an  ernulsifier  added  to  produce 
an  emulsifiable  concentrate  of  low  bulk  that  may  be 
stored  and  moved  with  case,  rather  than  storing  or 
shipping  large  amounts  of  more  dilute  materials.  At 
the  time  of  use,  the  concentrate  ts  diluted  with  water, 
the  most  universal  and  economical  carrier,  to  produce 
and  inexpensive  and  effective  emulsion. 

"The  ernulsifier  forms  a  thin  film  around  each  minute 
droplet  of  oil,  resisting  the  tendency  of  the  droplets  to 


coalesce  and  separate  into  continuous  layers  of  oil  and 
water.  In  the  familiar  oiHn- water  insccticidal 
emulsions,  the' many  .finely  divided  oQ' droplets  form 
the  dispersed  phase  and  the  water  comprises  the  ~ 
continuous  phase.  1  ■  \  .  ' 

■  The  early  emulsifiers  were  soaps,  but  modemusagef-p 
requires  more  effective  synthetic  detergents  such  as  the  ^ 
Tritons,  Spans,  and  Tweens.  Substances  that  lower  the 
surface  tension  of  water  tend  to  stabilize  a  water 
emulsion* 

.  Spreading  and  wetting  agents-  Many  of  the 
synthetic  emulsifiers  and  detergents  are  used  also  -as 
wetting  and  spreading  agents.  These  agents  are  rather 
difficult  to,  define  except  according  to  the  maimer  m 
which  they  -axe  used.  Detergents  are  developed 
primarily  for  their  cleaning  ability.  Spreading  agents, 
such  as  Hercules  Triton  B-1956*  may  be  added  to  oil 
larviddcs  to  decrease  the  surface  Irrwhich  the  larvae 
live.  Wetting  -agents  promote  the  formation  of  a 
continuous  film  of  pesticide  on  water-repellent 
surfaces  or  incrase  the  rate  with  which  the  pesticide 
soaks  into  or  wets  other  materials.  Sulfonated  oils,  the 
higher  sodium  alkyl  sulfates,  and  other  surface-active 
dispersants  may  be  added  to  pesticidal  dusts  to  * 
produce  wettable  pesticide,  powders  (also  known  as 
waternlispersihle  powders)  which  form  suspensions 
when  added  to  water. 

Adhestves  or  stickers.  Adhesives  are  substances  \ 
added  to  liquid  Sprays  to. improve  the  adhesive  quality  :, 
of  the  insccticidal  deposit,  especially  to  avoid  leaching' '  * 
by  the  rain.  Protective  materials  such  as  gelatin,  glue* 
rosin,  and  other  gums  are  valuable  adhesives.  §' 

-■  Masking  agents',  Perfumes  or  masking  agents  are 
agreeable  scents,  like  oil  of  wintergreen,  that  are  added 
to  household  insecticides  to  mask  unpleasant  odors 
such  as  those  of  kerosene*  pyrethrum/  or 
cyclohexanone.  There  are  many  proprietary  perfumes 
,  and  masking  agents  now  available.  ,/ 

Synergists.  Synergism  (from  the  Greek/ meaning 
"working  108611160  is  said  to  occur/when 1  two 
materials  give  greater  physiological /action  when 
applied  together  than  separately.  Certain  compounds 
added  to  pesticidal  mixtures  do  increase  their  toxicity; 
therefore,  the  amount  of  the  basic  pesticide  in  the 
formulation  may  be  greatly  reduced.  Fo  r  example,  the 
addition  of  the  relatively  inexpensive  synergist 
piperonyl  butoxide  to  fly  and  mosquito  sprays  makes 
it  possible  to  reduce  the  amount  of  the  more  expensive 
pyrethrum  insecticide  and  still  obtain  effective 
control  with  substantial  savings  in  the  final  formu- 
lation, These  synergists  may  also  be  used  to  counteract 
the  resistance  of  insects  to  certain  chemicals.  A 
synergist  apparently  brings  about  an  alteration  in  the 
insect's  physiological  reaction  to  an  insecticide, 
making  the  poison  more  effective.  A  synergist  applied 
as  much  as  a  day  before  the  pesticide  may  still  produce 
an  activating  effect,  However*  a  synergist  applied  after 
the  pesticide  is  of  no  value.  The  most  practicable  , 
procedure  is  to  mix  the  synergist  with  the  insecticide; 
then,  only  one  application  is  required. 
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Some  of  the  activators,  or  synergists,  arc  piperonyl 
but  oxide,  sesames  sulfoxide;  ^propyiisome,  and 
MGK-264.  .  \ 

Carriers  and  diluents.  Most  pesticidal  dusts  arc 
purchased  ready  for  use,  but  may  be  diluted  for  special 
purposes*  Some  of  the  generally  available  carriers 
include  artapulgite,  bentonite,  calcite,  diatomite, 
gypsum,  hydratcd  lime,  kaolin  .clay,  pyrophyllite,  and 
talc.  Dust  carriers  should  be  relatively  low  in  cost, and 
must  have  great  absorptive  capacity,  when  they  are 
used  to  absorb  liquid  pesticides  such,  as  rnalathion. 
These  carriers  must  n  ot  produce  any  breakdown  of  the 
pesticidal  chemical.  Dusts  are  usually  mixed  in  a  ball- 
mill  or  other  type  of  blending  machine.  They  must  be 
extremely  fine  particles  and  of  low  density  in  order 
that  they  may  be  airborne  for  a  considerable  distance 
when  applied. 

Exercises  (415); 

Match  each  of  the  supplementary  materials  with  the 
purpose  of  use. 


Purpose  of  Use 

Supplementary  Materials 

  I.  Ad  hcsivcs ,  stickers. 

a. 

Pcantii '  butler,  apples,  and 

1  1  Atxractants* 

sugar. 

  3.  Carriers:  diluent* 

b. 

Xyltnti  fuel  oil.  and  kerosene. 

 ^  4<  De&icams. 

c> 

Oil    of    wmiergrctn.  and 

_ —  5T  Eroulsifiers. 

shaving  lotion. 

 6,  Masking  agents. 

*± 

Bcnioniie.  vcnnicuUte.  and 

 _  7.  Rcpcllenis. 

talc. 

  8,  Solvents 

e. 

Gelatin,  and  resin. 

 9,  Spreading  and  weUing 

f. 

Silica  gels. 

agents. 

S* 

Naphthalene  and  paradich- 

  JO.  Synergists, 

[oro  benzene. 

h. 

Synthetic  detergents. 

t. 

Piptrortyl     butoxide.  and 

sesame  x_ 

416.  Match  the  formulation  components  with  the 
appropriate,  pes  tic  id  al  formulation. 

Pesticide  Formulations  and  Tjjeir  Components. 
Pesticides  are  produced  from  natural  or  synthetic 
chemicals  that  kill  insects  readily,  but  wiLl  notrause 
undue  hazards  to  man.  animals,  and  plants  when 
formulated  and  applied  correctly.  Precise  formulation 
and  application  are  essential  in  all  pesticidal 
programs.  Some  toxicants  are  applied  as  technical 
grade  pesticides,  such  as  malathion  or  naled  in  ultra- 
low  volume  applications.  Most  pesticides,  however 
are  made  into  proper  strength  dusts,  granules, 
suspensions,  solutions,  or  emulsions  before 
application.  Dusts  are  often  diluted  to  lower 
concentrations  with  talc  or  pyrophyilite.  Wettable 
powders  are  mixed  with  water  toform  suspensions  of 
desired  concentration.  Liquid  sprays  are  often 
purchased  as  concentrated  solutions  or  emufcifiable 
concentrates.  Concentrated  solutions  may  be  diiuied 
with  oils,  and  ermiJsifiabJe  concentrates  with  water,  to 
prepare  field  strength  solutions  or  emulsions. 


Technical  grade  pesticide*  This  is  flic  basic  toxic 
agent  in  its  purest  commercial  form.  It  is  rarely 
chemically  pure.  Some  technicaf  grade  pesticides  are 
liquids;  others  occur  in  solid  form.  Technical  grade 
malathion  is  a  clear  amber  .liquid,  whereas 
chlorpyrifos  (Dursban)  isa  white,  granular,  crystalline 
material  Some  undiluted  technical  grade  pesticides 
are  used  in  ultra-low  volume  space  applications. 
However,  in  most  cases,  technical  grade  pesticides  are 
mixed  with  a  carrier  before  use,  forming  a  dust, 
granule,  suspension,  solution,  or  emulsion  as  shown  in 
figure  1-1  (components  of  basically  dry  formulations) 
and  figure  1-2  (components  of  liquid  formulations). 

Pesiicidal  dusts.  -A  pesticidal  dust  in  its  simplest 
form  is  merely  finely  pulverized  insecticide  such  as 
sulfur  dust  used  to  repel  chiggers.  Most  pesticidal 
dusts,  however,  consist  of  the  technical  grade  pesticide 
and  an  inert  carrier,  figure  M,  such  as  talc  or 
pyrophyllite,  with  each  minute  particle  of  the  carrier 
coated  with  the  chemical  toxic  to  insects.  Dustsmay  be 
applied  by  hand,  by  simple  dust  guns*  by  largepower 
dusters,  or  by  airplanes.  These  materials  are  usually 
.  low  in  cost,  easy  to  apply*  nonstaming,  and  nontoxic 
*  to  vegetation. 

Pesticides  in  dust  form  are  generally  absorbed 
through  the  skin,  but  may  be  dangerous  if  inhaled  into 
the  respiratory  tract-  Dusts  do  not  adhere  well  to 
vertical  surfaces  and  are  easily  removed  by  ram  and 
wind.  They  are  unslightty  iji  the  home  and  have  been 
replaced,  for  the  most  part,  by  sprays  and  aerosols. 

Pesticidal  granules.  These  are  basically  the  same  as  a 
dust  formulation  as  shown  in  figure  l-l,  except  the" 
carrier  panicles  are  larger.  Vermiculite  is  used  as  the 
inert  carrier  instead  of  "talc  or  pyrophyllite  in  most 
granular  formulae  ions.  Since  granules  are  heavierthan 
dusts,  they  do  not  adhere  to  leaves:  therefore,  they  will 
penetrate  dense  foliage,  which  are  real  advantages 
where  it  is  desirable  f  orthe  pesticide  to  reach  the  w^ter 
surface  for  mosquito  control  in  vegetated  swamps,  or 
to  get  to  the  ground  surface  through  trees  and  shrubs 
for  chigger  or  fire  ant  control  Other  advantages  of 
using  granules  are  that  they  provide  longer  lasting 
effects  and  they  are  not  as  apt  to  drift  away  from  the 
target  areas,  as  for  an  exarnple  of  granules  being  used 
as  herbicides. 

Wet  tad/e  powders.  This  formulation  consists  of  the 
technical  grade  pesticide  an  inert  carrier,  and  a  wetting 
agent  (usually  a  synthetic  detergent)  which  facilitates 
mixing  it  with  water.  This  is  illustrated  in  figure  J-U 
Many  wettable  powders  contain  an  anticaking  agent* 
which  prevents  lumping  while  in  storage*  and  a 
dispersant  which  helps  keep  the  particles  in 
suspensions  from  settling  out  too  quickly.  Wettable 
powders  may  have  a  technical  grade  chemical  content * 
ranging  from  15  to  90  percent.  The  insecticide  is  coated 
(absorbed)  onto  a  fine  inert  dust,  such  as  talc  or 
pyrophyllite.  Wettable  powders  have  advantages  over 
other  concentrates.  They  do  not  require  the  addition 
of  solvents  which  can  cause  injury  to  plants,  They  lack  a 
solvent  odor,  and  ihev  do  not  have  a  tendency  to 
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Figure  1*1.  Components  of  basically  dry  formulation. 


irritate  the  skin  of  the  operators  or  to  be  absorbed 
through  the  skin. 

Pestitidal  suspensions.  This  formulation,  as  shown 
in  figure  1-1*  is  obtained  when  wettable  powders  are 
added  to  water.  A  great  advantage  of  a  suspension  is 
the  tendency  of  the  pesticide  to  be  deposited  on  the 
porous  surface  of  the  structure  sprayed,  When  porous 
materials  such  as  concrete,  plaster,  adobe/  or 
un painted  wood  are  sprayed  with  a  suspension,  the 
water  penetrates*  leaving  the  carrier  and  the  Tri^ximcm 
amount  of  the  pesticide  on  the  surface  available  to  kill 
pests.  By  contrast,  when  solutions  or  emulsions  are 
sprayed,  they  penetrate  porous  materials  sothat  less  of 
the  pesticide  remains  on  the  surface*  During  use; 
suspensions  should  be  agitated  continuously  or 
frequently  to  prevent  settling  of  the  solid  pesticide 
particles. 

Suspensions  tend  to  dog  the  strainers  and  nozzles  of 
sprayers,  especially  when  the  wettable  powder  is 
stored  for  long  periods  in  humid  areas,  which  causes  a 
clumping  of  particles,  or  when  it  is  applied  in  high 
concentration.  Trouble  is  experienced  when  using 
some  municipal  water  supplies.  Same  waters  produce 
foaming  while  others  require  the  addition  of  more 
wetting  agent. 

Pesticidal  solutions.  This  formulation,  figure  1-2, 
consists  of  the  technical  grade  pesticide  dissolved  in  a 
solvent  such  as  kerosene,  diesel  oil,  or  xytene. 
Solutions  are  available  as  ready-to-use.  formulations 


(such  as  the  ordinary  household  fly  and  mosquito 
sprays  with  a  low  percentage  of  pesticide)  and  as 
solution  concentrates.  Solution  concentrates  contain  a 
high  percentage  of  insecticide  and  must  ordinarily  be 
diluted  in  oil,  water,  or  other  suitable  solvent  and 
diluent,  indicated  on  the  label,  before  use*  Some 
concentrates  are  used  without  dilution  in,  ultra-low 
volume  (ULV)  applications.  In  residual  spraying,  the 
solvent  evaporates  from  the  treated  surfaces,  leaving  a 
deposit  of  the  pesticide.  DDT  and  some  other - 
insecticides  cause  a  "blooming"  of  fine  crystals  that  are 
readily  picked  up  by  the  feet  and  bodies  of  insects.' 
Some  other  pestiridesd,  such  as  chlordane  and 
malathion,  do  not  crystallize;  thus  form  a  thin  film  of 
insecticide  on  treated  surfaces. 

Solution  concentrates  have  the  advantage  of  low  . 
volume,  which  reduces  bulk,  weight,  and  shipment 
costs.  They  are  diluted  at  the  destination,  often  in  the 
field,  making  their  portability  a  real  advantage.  The 
diluted  mixture  is  termed  "field  strength  solution/*  Oil 
solutions  are  used  extensively  in  fog  applicators,  but 
are  unsatisfactory  for  most  dilute  spray  applications h 
because  of  their  toxicity  to  plants  unless  they  are  being 
used  for  the  purpose  of  vegetation  control. 

Emuisifiable  concentrates*  EmulsifiabJe 
concentrates,  figure  1-2,  consist  of  the  technical  grade 
pesticide*  a  solvent*  and  an  emulsifying  agent*  usually 
a  synthetic  detergent.  Emuisifiable  concentrates  have 
the  same  advantages  as  the  solution  concentrates,  plus 
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=  SOLUTION 
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Figure  1-2.  Component  of  liquid  formula! ions. 

22  2$  J  , 


the  benefits  of  a  low  cost  and  a  readily  available 
diluent  water. 

Pesticidal  emulsions.  When  the  emuisifiable 
concentrate  is  added  to  water  and  agitated,  an 
emulsion  is  formed,  figure  1,2,  and  the  concentration 
of  pesticide  is  reduced  to  the  desired  field  strength, 
Pesticidal  solutions  and  emuisifiable  concentrates 
usually  are  clear,  whereas  emulsions  nave  an 
appearance  similar  to  milk*  the  most  common  natural 
emulsion.  Unlike  solutions;  most  pesticidal  require 
periodic  agitation  to  prevent  the  concentrate  from 
separating  our  of  the  water.  Emulsions  or  solutions, 
diluted  to  field  strength,  are  called  finished  sprays. 

Emulsions  are  widely  /used  for.  the  residual 
treatment  of  solid  surfacesLPests  that  rest  on  these 
treated  surfaces  are  killed  by  the  residue  of  pesticide. 
'  Some  emulsions  remain  effective  for  a  longer  time  on 
masoniteand  bare  or  painted  wood  than  on  glazed  tile 
or  shiny  metal.  This  is^an  important  consideration  in 
determining  the  time  interval  between  -  residual 
applications.  Emulsions  with  a  high  percentage  of  the 
pesticide  (and  solvent)  may  burn  plants,  Therefore, 
-any  emulsions  sprayed  on  plants  should  have  a  low. 
.  percentage  of  pesticide  and  solvent  and  a  high 
percentage  of  water.  Mosquito  larvicidal  treatments 
with  emulsions  are  usually  confined  to  shallow  bodies 
of  water  and  to  treatment  of  water  containers,  where 
excessive  dilution  will  not  take  place.  Oil  solutions  are 
more  suitable  for  deep  bodies  of  water.  Mosquito 
larvicidal  treatments  with  emulsions  are  usually  in  a 
thin  film  that  kills  the  larvae  when  they  come  to  the 
sprayed  surface  to  breathe  atmospheric  air-  Emulsions 
may  damage  aluminum,  varnish,  and  painted  surfaces, 
due  to  the  action  of  solvents  such  asXylenc.  Emulsions 
are  often  corrosive  to  metal  sprayers  and  their  fittings. 
Sprayers,  used  to  dispense  emulsions  should  be  made 
of  stainless  steel.,  aluminum,  fiberglass,,  or  other 
noncorrosive  materials.  After  use,  the  sprayers,  are 
easily  cleaned  by  a  water  rinse. 

Invert  emulsions.  These  formulations  arc  water-m- 
oil mixtures  in  which  every  droplet  is  surrounded  by 
oil  instead  of  water  This  results  in  a  viscous  material 
that  is  difficult  to  apply  but  is  less  likely  to  drift  This 
type  of  formulation  is  used  very  seldom  by^/thc  Air 
Force,  but  it  does  have  certain  merits  in  herbicida! 
applications. 


S.  Technical  grade 

pesticide. 
9.  Writable  powders. 


Exercises  (416): 

Match  the  formulation  components 
appropriate  pesticidal  formulation. 


with  the 


Pftfwittai  Formulation 

_  1-  Emu&iftablc  concen- 
trates. 

-  2.  Invert  emulsions. 

-  3.  Pesticidal  dusts. 
_4,  Pesticidal  emulsions. 

-  5.  Pesticidal  Scutes. 

-  6.  Pesticidal  solutions. 

-  *  PcsticjdaJ  suspensions* 


Formulation  Components 

Technical  grade  pesticide  and 
vermicuLiie. 

Technical  grade  pesticide, 
talc,  and  synthetic  detergent* 
Technical  grade  pesticide, 
ivle^e.  synthetic  deterge nt. 
and  w^ter. 

Purest  commtja&l  toxicant. 


Technical   grade  pesticide; 
pyrophUiic  synthetic  deter- 
gent, and  water. 
Technical  grade  pesticide; 
and  kerosene. 

Technical  grade  insecticide; 

kerosene,  and  water. 
,  Technical  grade  pesticide  and 
,  pyraphylBtc 

Technical    grade  pesticide, 

^xylene,   and  synthetic 

detergent. 


417.  Solve  £>v«n  area  calculation  problems. 

Area  Calculations.  In  order  to  apply  pesticides  in 
accordance  with  pesticide  label  specifications,  you 
must  first  determine  the  amount  of  area  to  be  treated. 
Pesticide  labels  will  specify  that  a  certain  amount  of 
the  pesticide  must  be  applied  over  a  specific  number  of 
square  feet,  linear  feet,  cubic  feet,  or  acres.  Therefore, 
when  you  are  required  to  treat  a  designated  facility  or 
area,  you  must  know  exactly  how  many  square  feet, 
linear  feet,  cubic  feet,  or  acres  are  involved. 

This  objective-  will  enable  you  to  obtain  this 
information  so  that  you  can  prepare  and  apply  the 
exact  amount  of  pesticide  required  at  the  rate 
specified. 

Table  M  *Table  of  Equivalents,  is  provided  for  your 
information  and  reference,  as  required ,i  in  the 
remaining  portions  of  this  course. 

Square  foot  formula  for  rectangles.  Determining 
the  square  feet  is  required  when  the  pesticide  label 
specifies  a  certain  quantity  of  pesticide  to  be  applied 
per  square  foot,  thousand  square  feet,  or  other.  This 
term  usually  applies  to  a  rectangular  area  such  as 
walls,  ceilings,  floors*  and/ or  a  plot  of  ground. 

(Square  foot  formula  for  rectangles): 


X  =  W  X  L 


Where: 


X  =  total  square  feet  within  an  area. 
W  =  width  ol  area 
L  =  length  of  area 


Example-.    Determine  the 


Line  ine  total  square  .feet 
that  is  20  feet  wide  and  40  feet 


contained  in  an  area 
long: 

X  =  W  x  L 
X  =  20  X40 
X  =  SWsqft 

NOTE:  There  are  times  when  some  pesticide  labels 
refer  to  linear  foot  application  of  pesticides.  When  this 
term  is  observed*  it  is  in  reference  to  the  actual  distance 
(in  feet)  from  one  point  to  another.  The  width  is  not 
important  in  this  case,  because  it  has  already  been 
considered  with  the  type  of  equipment  designated  to 
be  used. 
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1  ounce  foz)  (avoirdupois) 
1  pound  (lb)  {avoirdupois) 
1  ton  IVS  sbort> 
1  ton  ttJS  long* 

1  gammA 
l  milligram 
1  gram  {jpn) 
1  fcitograra  (kffJ 
1  ton  (metric)  * 


TABLE  W 
TABLES  OF  EQUIVALENTS 


2&  3495  pam 
IS  ounces  ■  453. 50  gram 
2  P  000  pounds  -  907^  135  kilograms  ? 
2F240  poeuad*  =  lp 016.047  kilogram* 
(US  abort) 

1  microgram  =  0,001  milligram 
1*000  gammas  *  o.OOl  gram 
1*000  milligrams 

1, 000  grains  rs°  205  pounds  (avoirdtpais) 
1,000  kilograms  ■  2*205  pounds  *  ***** 
=  1,102  tons  (US  abort) 


0,  BBS  tana  (US  loagj 
-  U12  boos 


0.984  teas  (US  long) 


Volume  or  Capacity  Measure  (Liquid): 

I  fluid  ounce  (US) 

1  pint  freJ 

1  quart  (qt)  (US) 

1  gallon  {gal]  (US)  \ 

1  palLcm  fBtill 

1  liter  : 


29,  57  milliliters 

16  fluid  ounces 

2  pints  -  0.9463  liter 

4  quarts  3  o_  3327  gallon  [Imperial  or  British) 

*  231  cubic  bene*  -  0. 1337  cubic  loot  *  3,795  liters 

1.2009  gallons  tU5)  -  4, 548  liters 

1  +  000  milliliters  -  1. 057  quarts 


At  all  temperatures  up  to  100°F,  one  gallon  water  weigh*  approximately  <L3  pounds, 
and  one  gallon  of  kerosene  weighs  approximately  6.9  pounds* 

Volume  or  Capacity  Measure  (Dry); 


1  quart  (US)  / 
1  bushel  [bu)  /US) 

1  busiwHBrii) 
1  liter  / 

/ 

Yolume^or  Capacity  Measure  (Cubic): 

1  cubic  inch 
i  cubic  root 


1  cubic  yard 
1  cubic  millimeter 
1  dibit  centimeter 


ear- 


Linear  Measure  (Lengtb}: 


1  inch  (ml 
r  foot  ($\ 
1  yard  <yd) 
1  rod  (ret) 
1  m  lie  (mi) 


\ 


1  micron  i  ^ 
1  millimeter 
1  centimeter 
1  meter 
1  kilometer 


Square  Measure  (Area)' 

1  square  foot 
1  square  yard 
1  square  rod 

1  acre 


1  square  mile 
1  square  meter 

1  hectare 


-  2  pints  *  1,1012  liters 

■  32  quarts  »  4  pecks  *  1.244  cubic  feet 
-  0. 969  British  bushel 

■  1.2843  cubic  feet  -  36.368  liters^-  1-032  US  bushel 

-  0.9061  dry  quart  (US)  — 


16.397  cubic  coot! meters 

1,72&  cubic  laches  p  29.322  US  liquid  quarts 

-  7.481  US  liquid  gallons  ■  25.714  US  dry  quarts 

*  0.60357  US  bushels  *  23,316  liters 

2?cublCieet  »  0.7646  cubic  meter' 

0.001  cubic  centimeter 

0,061  cubic  loch 


2.54  centimeters  =■  25.4  millimeters 

12  Inches  ■  30.5  centimeters  =  0.3043  meter 

3  feet  -  0, 9144  meter 

5.5  vartiB  *  16.  5  feet  *  5.029  meters 

320  rods  ^  lF  760  yards  »  5,290  feet 

3  1.6094  kilometers 

0.001  millimeter 

0.0394  Inch 

lOmillimeters  -  0,394  inch 

100  centimeters  =  3,28  feet  =  39.37  inches 

l,000meters  >  0,6214  mile 


144  square  inches  =  0,0929  square  meter 
9  square  feet  *  ,0.6361  square  meter 
272.25  square  leet  =  30.25  square  yards 
-  25.253  Square  meters 
43*560  square  feet  =  4.  640  square  yards 
=  160  square  rods  =  0,4047  hectare 
640  acres  -  259  hectares 
1.550  square  indies  =  1.196  square  yards 
=  10,76  Square  feet 
2,471  acres  =  10*  000  square  meters 


0-049 
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Square  foot  formula  for  triangles.  This  formula  & 
rarely  required  in  pest  management  programs,  but  it 
may  be  needed  for  some  areas  that  are  more  of  a 
triangular  shape  than  rectangular.  This  would  allow 
more  accuracy  in  determining  the  total  square  feet 
than  figuring  on  the  rectangular  basis. 

(Square  foot  formula  for  triangles): 

Where: 

X  ~  total  square  feet  \gilhro  an  area 
V/  =  base  of  area 
P=  point  of  area 

.5  =  constant  - 

Example:  Determine  ;he  total  square  feet  contained 
in  a  triangular  area  that  has  a  30-foot  base  and  a  50- 
foot  point:  f 


f 


X  =  30  x  »  x  .5 


X  =  750.6  or  730  sq. 

'  -t 

t; 

Square  foot  formula  for  circles.  This  formula  is 
rarely  used.  However,  it  may  be  used  more  frequently 
than  the  square  foot  formula  for  triangles,  $omc 
circumstances  that  might  require  the  use  of  this 
formula  include  the  required  treatment  of  modern 
structures  of  circular  design  and  the  treatment  of 
ground  areas  surrounding  flag  poles.  .- 1 

(Square  foot  formula  for  circles):  / 


Example',  Determine  the  total  cubic  feet 
contained  within  an  area  that  is  40  feet  wide,  60  feet 
long,  and  8  feet  high:  i. 

X»WX|XH       X-  40x60X6       X- 19.200  cil  ft 


Exercises  (417):  / 

Solve  each  of  the  area  calculation  problems  (to  The 

nearest  hundredths)  that  are  provided  below: 

1 .   The  total  square  feet  contained  ina  triangular  area 
that  has  a  100-foot  point  and  a  60-foot  base  is 


The  total  square  feet  contained  in  a  circle  that  has 
a  radius  of  50  feet  is  . 


The  total  square  feet  contained  in  a  rectangular 
area  that  is  5  feet  wide  and  70  feet  long  is 


A  wareho use' measuring  70  feet  long,  30  feet  wide, 
and  18  fee/high  would  contain—!  cubic  feet. 

/ 


X  =  ir  R2 


Where:  ~~~~  -  -         _  / 

X  =  total  square  feet  within  an  area 

=  Constant  (3.14) 
R2  =  Radius  of  cirde  (squared) 

Example:  determine  the  total  square  feet  within  a 
circle  that  has  a  radius  of  35  feet. 

X  =  tt  R2     -  X  =  3.14  X  35  X  35 

X  =  3.846.50  or  3.&46  and  1/2  sq.  ft 

Cubic  foot  formula.  This  formula  is  used  in 
determining  the  total  volume  contained  in  an  incJosed 
area  such  as  a  room,  an  entire  building,  or  possibly  a 
stack  of  commodities  to  be  fumigated  undercover.  As 
previously  stated,  this  formula  is  usually  required 
when  space  sprays  or  fumigants  are  to  be  used. 

(Cubic  foot  formula): 

x  s  w  x  l  *  H 
Where: 

X  =  total  cubic  feci  within  an  area 
w  -  width  of  area 
L  =  length  of  ?rca 
H  =  height  of  area 


418-  Solve  given  capacity  calculation  problems. 

/  i 

Capacity  Calculations.  Although  the  capacity  of 
niSst  items-of  equipment  used  in  dispersing  pesticides 
has  already  been  determined  and  _properly  identified, 
.  there  could  be  situations  that  would  require -y oil tp_ 
determine  the  capacity  of  a  spratyer  tank  or  other 
container  that  is  to  be  used  for  formulating  and 
transporting  liquid  pesticides. 

Following  the  completion  of  this  objective,  you  will 
be  able  to  calculate  the,  capacity,  in  gallons,  of 
cylindrical,  elliptical,  and  rectangular  containers. 

Formula  for  calculating  the  capacity  of  cylindrical 
containers.  This  formula  can  be;  used  in  determining 
the  number  of  gallons  or  ounces  that  any  given 
cylindrical  container  can  hold.  / 
NOTE:  All  measurements  must  be  in  inches. 

(Formula  for  cylindrical  containers): 

X  ^  L  X  D2  X  0.0034  \ 

Where:  \ 

X  —  capacity  in  gallons 
L  ~  length  of  container  > 
D2  —  diameter  of  container  (squared! 
0.0034  -  constant 
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Example:  Determine  the  capacity,  in  gallons,  of  a 
cylindrical  container  that  is  6  feet  (72  inches)  long  and 
4  feet  (48  inches)  in  diameter. 

X  =  L  x  D2  x  0.0034  X=6XJX4X  0.0034 

X  =  72  X  48  X  D.0O34  X  =  564,01  gallons 

Formula  for  ejaculating  the  capacity  of  rectangular 
containers.  This  formula  will  be  useful  in  determining 
the  number  of  gallons  or  ounces  that  any  given 
rectangular  container  can  hold. 
NOTE:   All  measurements  must  be  in  inches. 

(Formula  for  rectangular  containers): 

X  =  L  x  W  x  D  X  0.404329 

Where: 
X  =  capacity  in  gallons 
L  =  length  of  container 
W  =  width  of  container 
D  =  depth  of  container 
0.004329  =  constant 

Example:  Determine  the  capacity,  in  gallons,  of.a  . 
rectangular  container  that  is  5  feet  60  inches  long,  3 
feet  (36  inches)  wide,  and  3  feet  (36  inches)  deep. 

X  =  LxwxQx  0.004329  X  =  5x3x3x  Ol004*29 
X  =  a0x36x36x  O.0O4329 

:  X  =  356.62  gallon* 


Exercises  (418): 

£>olve  each  of  the  capacity  calculation  problems  (to 
Ahc  nearest  hundredths)  provided  below: 

1.  You  have  had  a  new  rectangular  container 
fabricated  bythcmetalfabricationsectiononbase 
which  is  to  be  used  as  a  pesticide  container.  You 
are  now  faced  with  the  problem  of  determining  the 
capacity  of  the  container  so  you  will  know  how 
many  gallons  of  pesticide  it  will  hold.  If  the 
dimensions  of  the  container  measures  4  feet  long, 
3  feet  wide  and  llfz  feet  deep,  the  capacity 
of  the  container  will  be      ■  gallons. 


1  The  capacity  of  a  cylindrical  container  that 
measures' 4  feet  long  and  3  feet  in  diameter  will  be 
 gallons, 


41°.  Solve  given  rates  of  application  calculation 
problems." 

Calculations  for  Rates  of  Application.  Information  - 
pertaining  to  the  rate  of  application  for  a  specific 
pesticide  is  provided  on  the  pesticide  label:  however. 


this  information  varies  with  the  type  of  pesticide  being 
used.  Rates  of  application  for  liquid  insecticide  may  be 
given  in  gallons  of  finished  spray  per  thousand  square 
feet,  gallons  of  finished  spray  per  acre*  pounds  of 
active  ingredient  (AI)  per  thousand  square  feet,  of  ^ 
pounds  of  active  ingredient  per  acre.  Most  pesticidai  ., 
dust  and  granule  formulation  application  rates  are . 
-  gives  in  pounds  of  diluent  or  active1  ingredient  per 
acre. 

Rates  of  application  for  many  herbicides  are  given 
in  ounces  or  pounds  of  acid  equivalent  (AE)  per  square 
foot,  rod,  or  acre. 

When  applying  space  sprays  and  fumigants ,  the  rate 
of  application  will  normally  be  given  in  gallons, 
ounces,  or  pounds  per  thousand  cubic  feet 

It  is  very  seldom  that  you  will  be*  treating  an  exact 
amount  of  area  that  is  identified  on  the  pesticide  label, 
Therefore,  you  will  be  required  to  determine  the  exact 
amount  of  area  to  be  treated  and  convert  this  total 
:  area  into  common  usable  figures  in  order  t  o  determine 
the  exact  amount  of  pesticide  to  be  applied,  and  in 
some  situations,  the  speed  in  which  it  must  be  applied. 

termor  application  formulas.  When  pesticide  labels 
specify  that  a  certain  quantity  of  pesticide  formulation 
must  be  applied  within  a  specific  distance;  you  must 
know  the  dispersal  rate  of  your  equipment  for  the 
formulation  to  be  dispersed  and  the  speed  that  you 
must  travel.  - 

a.  Calculating  dispersal  rate.  To  calculate  the 
dispersal  rate  of  pesticide  dispersal  equipment,  you 
must  collect  and, measure  the  quantity  of  dry  or  liquid 
ounces  dispersed  by  the  equipment  in  I  minute.  This 
number  is  then  multiplied  by  the  number  of  rninutes  in 
an  hour  and  then  divided  by  the  number  of  ounces 
contained  in  a  pound  or  a  gallon,  depending  upon  the 
type  of  material. 

(Dispersal  rate  formula): 

x=o  x  so 

IZS/16 

Where: 
X  =  dispersal  raw 

0  =  ounces  (dry  or  liquid)  in  I  minute 
60  —  constant  (minutes  in  hour) 

128  =  co nstahV( ounces  in  gallon  If  formulation  is  liquid) 

(table  M)  ^  ^  

16  —  constant  (ounces  in  pound  if  formulation  is  dryj^^"  — 

.     (table  l<l) 

Exampiei  Determine  the  number  of  gallons  a  John 
Beam  Sprayer  disperses  in  an  hour  when  SO  ounces  are 
.  collected  in  1  minute. 

12S 

X  =  SO  x  60 

us 

X  =  37.5  sal  per  hr 
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NOTE:  The  previous  formula  and  the  formulas  that 
follow  can  be  used  with  cither  dry  formulations,  such 
as  dusts  and  granules,  or  liquid  formulations  simply  by 
substituting  pounds  with  gallons,  dry  ounces  with 
liquid  ounces,  or  vice  versa. 

b.  Calculating  travel  speed.  To  calculate  the  speed 
that  the  pesticide  dispersal  equipment  must  travel,  you 
must  know  the  dispersal  rate  of  the  equipment,  which 
was  done  in  the  previous  example,  and  the  quantity  of 
pesticide  to  be  applied  per  mile.  The  quantity  of 
pesticides  to  be  applied  pcf  mile  is  identified  on 
pesticide  labels. 

NOTE:  '  The  remaining  formulas  in  this  objective  will 
be  based  on  known  and  unknown  information.  The 
known  information  is  provided  in  each  example  and 
the  unknown  information  is  what  you  will  be 
determining. 

(Speed  per  hour  formula): 


£    ^   _  dispersal  rait  per  hour 
quantity  per  mile 

Example:  A  pesticide  label  specifies  that  this 
pesticide  must  be  applied  as  a  finished  spray  the  rate  of 
40  gallons  per  mile.  The  equipment  that  you  are  going 
to  use  has  been  proven  to  disperse  35.5  gallons  per 
hour  and  now  you  must  determine  the  speed  that  you 
must  travel  to  obtain  the  proper  application  rate. 
Unknown:   Speed  per  hour 

Known:    Dispersal  rate  per^iour 
Quantity  per  mile 


Speed  ■ 


dispersal  rate  per  hour 
quantity  per  mile 


Speed  ■ 


35.5 
40 


Speed  ~  0.88  miles  per  hour 

Area  application  formulas.  Information  pertaining 
to  the  dispersal  of  pesticides  over  a  given  area  is 
specified  on  the  pesticide  label:  however,  area 
application  rates  are  expressed  differently  from  those 
for  linear  applications. 

To  perform  area  applications  of  pesticides  properly, 
you  must  know  the  formulas  for  calculating  various 
information  that  is  required,  such  as  the  flow  rate  of 
the  equipment  to  be  used,  speed,  in  which  the 
equipment  must  travel,  the  amount  of  area  to  be 
'treated,  the  gallons  of  finished  spray  required,  the 
gallons  o^finis  bed  spray  to  be  applied  per  acre,  and  the 
spray  strength. 

_  The  formula  for  calculating  the  flow  rate  of 
equipment  has  already  been  discussed  under  the 
subject  of  linear  application,  and  the  formula  for 
calculating  the  amount  of  area  to  be  treated  was 
discussed  in  objective  417.  Therefore,  discussion 
within  this  objective  will  continue  with  the  formulas 
for  calculating  the  unknowns  such  as  speed  of  travel 


for  equipment,  the  gallons  of  finished  spray  required, 
and  the  gallons  of  finished  spray  to  be  applied  per  acre. 

a.  Calculating  quantity  of  finished  product. 
Determining  the  gallons  or  pounds  of  finished  product 
is  required  when  tbe  pesticide  label  specifies  that  the 
pesticide  must  be  applied  at  the  rate  of  X  gallons  per 
pounds  per  acre. 

(Quantity  of  finished  product  formula): 

Quamity  r«q*red  =      ^  fat  X  quantity  peracrc 
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43,560  (square  feet  In'  an  acre) 


Example:  A  pesticide  label  specifies  that  the 
pesticide  must  be  applied  at  the  rate  of  120  gallons  of 
finished  spray  per  acre.  The  area  to  be  treated  is  60,480 
square  feet.  How  much  of  the  finished  product  will  be 
required  to  treat  the  entire  area? 

Unknown:   Quantity  required 
Known:    Quantity  per  acre 
Square  feet  in  area 
Square  feet  in  an  acre  (table  1-1) 


Quantity  required  *= 


Quantity  required  = 


Quantity  required  = 


sq  ft  X  gal  per  acre 
43.560 

60,480  x  110 
43,560 


166.61   gallons  gf  finished  product 
0 

b.  Calculating  speed  in  feet  per  minute  Once  you 
have  determined  the  quantity  of  pesticide  that  is 
required  to  treat  an  area  you  must  then  determine  the 
speed  that  you  must  travel  to  disperse  the  total 
quantity  at  the  proper  rate  over  the  entire  area.  The 
following  formula  is  used  to  determine  the  speed  in 
feet  per  minute  that  you  must  travel  to  app2y  a  given 
quantity  of  finished  product  to  a  given  number  of 
square  feet. 

(Speed  in  feet  per  minute  formula): 

-    Speed  s=  43J60  X  quantity  disggggd  per  minute 
Width  X  quantity  dispersed  per  acre 

Example:  A  pesticide  label  specifies  that  a  pesticide 
must  be  applied  at  the  rate  of  100  pounds  of  finished 
product  per  acre.  The  area  that  requires  treatment-is 
2.3  acres,  and  the  equipment  to  be  used  has  been 
calculated  to  disperse  4  pounds  per  minute  and  has  a 
swath  width  of  20  feet.  How  fast  must  this  equipment 
travel I  to  apply  this  pesticide  over  the  entire  area  at  the 

specified  fate:-  ^  

Unknown:    Speed  in  feet  per-minute  _ 
Known:   Square  feet  in  acre  (table  1-1) "  — 
Dispersal  rate  per  minute 
Swath  width 
Quantity  per  acre 


O 


Speed  in  ft  per  enin  : 


Speed  in  ft  per  min 


,  -    43.560  X  lb  dispersed  per  into 
swith  width  X  lb  dispersed  per  acre 

,43,360X4 
20*  100 


disperse  35  gallons  per  hour.  At  what  speed  should 
this  equipment  travel  to  obtain  the  proper 
application  rate? 


Speed  in  ft  per  rain  *  87, 12  (or  0,95  mph) 

NOTE;  To  convert  the  speed  in  feet  per  minute  to 
speed  in  miles  per  hour,  simply  divide  the  speed  in  feet 
per  minute  by  88  because  this  is  the  number  of  feet  of 
travel  at  I  mph. 

c.  Calculating  quantity  per  hour.  Then  will  be  times 
when  it  will  be  necessary  for  you  to  determine  the 
quantity  of  finished  product  that  is  required  to  be 
applied  over  a  designated  area.  As  an  example  of  this, 
you  may  be  required  to  furnish  this  type  of 
information  for  it  to  be  included  in  the  Base 
Environmental  Impact  Statement. 

(Quantity  rate  per  acre  formula): 

Qiamiityraieperacre^  X  qniy  dispersed  per  min 

,       swath  width  x  speed  in  ft  per  min 

Example:  You  have  just  completed  a  pest 
management  operation  that  involved  the  treatment  of 
12  acres  for  the  control  of  bagwornts  using  a 
suspension  formulation  that  was  prepared  and  applied 
in  accordance  with  the  rates  specified  on  the  pesticide 
Label.  The  pesticide  was  applied  with  a  nonportable 
mist-dust  blower  which  has  a  dispersal  rate  of  3  gallons 
per  minute  and  a  swath  width  of  40  feet.  The  speed  of 
travel  was  3  mph  or  264  feet  per  minute.  The  finished 
product  was  applied  at  the  rate  of  how  many  gallons 
per  acre? 

Unknown:    Quantity  rate  per*acre 

Known:    Square  feet  in  an  acre  (table  M) 
Dispersal  rate  per  minute 
Swath  width 
Speed  in  feet  per  minute 

Quantity  rate  per  acre  ^      43,560  X  gal  dbpened  per  min 
swath  width  X  jpeed  in  ft  per  min 

_  43.560  *  4 
Quantity  faie  per  acre  =   

40*26* 

Quantity  rate  per  acre  =  I2_375  or  i2J£  gallons  per  acre 
Exercises  (419): 

Solve  each  of  the  calculation  problems  (to  the  nearest 

hundredths)  provided  below. 

I .   How  many  pounds  of  dust  can  be  dispersed  from  a 

nonportable  mist-dust  blower  in  1  hour  if  93 

ounces  are  dispersed  in  1  minute? 


The  pesticide  label  specifies  this  pesticide  to  be 
applied  as  a  finished  spray  at  the  rate  of  7  gallons 
per  mile.  The  equipment  that  will  be  used  will 


you  arc  to  treat  an  area  3  miles  long  by  iO  feet 
wide  for  ticks.  The  label  of  the  pesticide  that  is 
to  be  used  specifies  it  should  be  applied  at  a  rate 
of  75 gallons  of  finish  edsptayper  acre.  How  much 
of  the  finished  product,  is  needed  to  treat  the 
entire  area? 


4.  You  are  to  apply  insecticide  dust  to  3.  &  acres  using 
a  Buffalo  Turbine  which  disperses  8  pounds  per 
minute  with  an  effective  swath  width  of  50  feet. 
The  insecticide  you  are  to  use  is  to  be  applied  at  a 

J  rate  of  75  pounds  per  acre.  At  what  speed  (in  mph) 
must  your  equipment  travel  to  apply  this  product 
at  the  specified  rate? 


It  is  necessary  to  treat  25  acres  for  the  control  of 
sod  webwonns  using  a  granular  formulation 
prepared  and  applied  in  accordance  with  specified 
pesticide  label  rates.  This  will  be  applied  with  a 
turbine  mist-dust  blower  which  has  a  dispersal 
rate  of  4  pounds  per  minute  and  a  swath  width  of 
90  feet.  The  speed  of  your  equipment  will  be 
5  mph.  How  many,  pounds  per  acre  will  be 
applied? 


420.  Solve  given  formulation  calculations  problems. 

Formulation  Calculations*  Dusts  are  usually 
purchased  ready  to  use,  but  may  be  diluted  for  special 
purposes  with  one  of  the  inert  carriers.  Technical 
grade  pesticides  and  their  solvents  do  not  usually  have 
the  same  specific  gravity  or  weight  per  gallon.  They 
cannot,  therefore,  be  mixed  according  to  volume,  but 
must  be  prepared  on  a  weighMoweight  basis.  They 
may  then  be  further  diluted  by  volume  with  sufficient 
accuracy,  as  the  specific  gravity  of  the  ingredients  has 
been  compensated  for  in  the  preparation  of  the 
concentrate.  Chlordane,  for  example,  weighs  twice  as 
much  as  kerosene.  A  solution  containing  2  gallons  of 
technical  chlordane  and  98  gallons  of  kerosene  would  ■ 
contain  4  percent  of  chlordane  by  weight,  not  2 
percent  A  chlordane  20  percent  concentrate,  however, 
contains  20  percent  chlordane  by  weight.  Therefore,  it  * 
may  be  diluted  by  volume  in  the  proportion  of  15  to 
produce  a  2  percent  finished  spray.  Figure  1-3, 
Proportional  Ratio,  illustrates  the  principles  for 
selecting  the  correct  formula  to  use  in  diluting 
pesricidal  concentrates. 
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CONCENTRATE 


strength;  % 
constancy:  LIQUID 


CONCENTRATE, 


str*ngth:   "%  * 
comhUncy.  SOLID 


PROPORTIONAL  RATIO 

.  DILUENT 


consistency?  LIQUID 


DILUENT 


consistency;    SQ  LID 


X  = 


CONCENTRATE 


CONCENTRATE 


ACTUAL  QUANTITIES 

DILUENT 


strength: 

% 

censtsftncy: 

LIQUID 

strengfh: 

% 

consistency: 

SOLID 

consistency:  LIQUID 


DILUENT 


Q  » 


consistency:  SOLID 


S  x  A 

C 


CONCENTRATE 


strength: 

% 

consistency: 

SOLID 

CONCENTRATE 


strength: 

%r-  ■ 

"conii*t«ncy: 

LIQUID 

DILUENT 


consistency:  LIQUID 


-  U*ft  0  = 


DILUENT 


consistency:    UQUlD   —  Use  Q 


S  x  A  x  D 


S  x  A  x  P 
CO  x  W 


Figure        Proportional  ratio. 


r 


Proportional  formula.  This  is  a  simple  dilution 
formula  for  diluting  a  liquid  with  a  liquid,  or  a  solid 
with  a  solid.  This  formula  is  a  ration,  such  as  1:19,  and 
docs  not  give  thfc  amount  of  concentrate  required  to 
prepare  a  certain  quantity  such  as  5  gallons  of  50 
percent  xnalathioa  cmulsifiablc  concentrate  (sec 
examples  I  and  2  below). 

Proportional  Formula  (Ratio  for  diluting  liquid 
with  liquid,  or  dust  with  dust): 


Where: 


X  =  number  of  pans  of  diluent  to  add  10 1  part  of  concentrate 
C  =  concentrate,  percent  of  active  ingredient 
S  =  strength  of  pcrtetit  of  active  ingredient  in  finished  spray 
or  (lust. 


Example  I.  Prepare  100  gallons  of  2-5  percent 
malathion  emulsion  from  50  percent  malathion 
emukifiable  concentrate  and  water. 


-  50%  _  , 


X  = 


20. 


or  19  parts  of  diluent^/usj  1:19  dilution  rition) 


With  a  total  of  20  (30  +  J-)  parts,  each  part  equals 


or  5  gallons  of  50  percent  malathioij 


20  pans 

cmulsifiablc  concentrate.  Add  5  gallons  of  50  percent 


29 


malathion  emulsifiable  concentrate  to  95  gallons  of . 
water  to  make  100  gaUovp  of  2,5>ercent  malathion 
emulsion.       ,      .    \^   f - 

Since  many « small  pesnciclal  applications  involve  1 
gallon  quantities,  and  it  is  difficult  to  measure  parts  of 
a  gallon  accurately,  it  is  wise  to  remember  tjnat"  one 
gallon  contains  128  ounces  aarTTo  work  with  the  ounce 
dilution  ration. 

Example  2.  Prepare  1  gallon  (128  ounces)  of  2.5 
percent  malarhior;  from  50  percent  -malathion 
emulsifiable  concentrate  and. water  for  use  in  a  hand 
sprayer.  -  \ 


x 


X-  50%  „ 
2*5% 


X  ■  —  -  J    or  19  piana  of  diluent,  or  ( 1:19  dilution  ratio) 

,  U  ^ 

■  y^ith  a  total  of  20  <  19  +  I)  parts,  each  part  equals 

  or  6l4  ounces. 

20  parts         4  , 

Add  6.tf  ounces  of  50")percent  malathion 
emulsifiable  concentrate  to  the  hand  sprayer  and  fill  to 
the  1  gallon  fill  mark  on  the  tank.  Use  a  plastic  or  metal 
measuring  cup  for  accurate 'measurement. 

SAC  formula.  This  formula  is  used  when  it  is 
desired  to  produce  a  certain  quantity  of  pesticide  using 
materials  of  the  same  form,  such  as  liquid  &ith  liquid, 
or  solid  with  solid  (sec  examples  3,4*  ancl  5  below). 

SAC  formula  (for  preparing  certain  quantity): 

q  -  5  x  A 

C  ■■" 

WhereV 

Q  *  quantity  of  concentrate  required  in  mixture  (pounds. 

gallons,  ounces). 
5  =  strength  -or  percent  of  active  .ingredient  in  the  finished 
.  *■         dust  dr  spray  -  -  j 

A  =  amount  of  finished  spray  or  dut  to  be  prepared  (pounds. 

falTon^  or  ounces) 
C  =  concentrate  percent  of  active  iitgredieni 

^Example  S.  Prepare  100  pounds  of  10  percent 
malathion. dust  using  75  percent  malathion  dust  and 

talc: 


S  x  a 
C 

10%  X  1001b 

75% 


tooo 

75 


Add  13.3  pounds  of  75  jgrcent  malathion  dust  to 
86.7  of  talc  to  make  100  pounds  of  10  percent  dust. 

Example  4-  Prepare  100  gallons  of  0,5  percent 
diazinon  emulsion  using  20  percent  diazinon 
emulsifiable  concentrate  and  water. 


SXA 

c 


30ft 


Add  2,5  gallons  of  20  percent  diazinon  emulsifiable ' 
concentrate  to  97*5  gallons  of  water  to  make  100 
gallons  of  0*5  percent  diazinon  emulsion. 

Example *5,. Prepare  1  gallon  (128  ounces)  of  0.5 
percent  diazinon  emulsion  from  20  percent 
emulsifiable  concentrate  and  water. 


q,  SXA 


\4 


Q  = 


~    20%  20  * 


3.2  c* 


Place  3.2  fluid  ounces  of  20  percent*  diazinon 
emulsifiable  concentrate  in  the  sprayer  and''  add 
enough  water  to  make  1  gallon. 

SAD  SAC  formula.  This  formula  is  used  when  it  is 
desired  td  produce  a  certain  quantity  of  insecticide 
from  ingredients  whose  form  is  different, -such  as 
mixing  a  solid  wcttable  powder  with  water  to  product 
a  suspension  (see  examples  6,7*  and+S  below.) 

SAD  SAC  formula  (weight  to  volume  formula): 

The  following  formula  may  be  used  to  prepare  a 
solution  of>suspension  on  a  w/v  (weight  -to  volume) 
basis  using  cither  the  technical  grade  insecticide  or  a 
concentrate^ 


q -  sx axp 

C  ~ 

Where: 

Q  —  pounds  of  concentrate  to  use 

S=  sirengrh  of  percentage  -  of  active  ingredients  ^in~  UtV 

finished  spray 
A  =  amount  ju  gallons  of  finished  spray 
D  —  density:  weight  of  1  gallon  of  diluent  (water  is  g.34  lb/ gal) 
-  C  =  concentrate:  Percentage  of  active  ingredient 

-Example  6*  Prepare  100  gaHons  of  l^vperccnt 
malathion  suspension  from  75  percent  wcttable 
powder  and.  water.  ^  T  < 

r,%  S  K  A  X  D 


q  =  1.25^X  100  gal  X  lba/gal 
15% 


q  _  1,042,50 

75 

Q=  13.9  lb*  of  75  percent  water  dtipcrsiblc  powder. 

f.  '  '  - 

'Fill  the  mixing  tank  with  most  of  the  100  gallons  of 
water.  Add  the  13,9  lbs  of  75  percent  water-dispersible 
powder  and  mix.  Fill  to  the  100-gallon  level. 

Example  7-  Prepare  1  gallon  of  2.5  percent 
malathion  suspension  from  75  percent  water-wettabJe 
powder  and  water. 
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q_  S  X  A  X  D 
C 

g  =  2.3%.  X  ]  gU  x  S.34  IbJgH 

q.  2Q.85  - 
75 

Q  3  0.28  lb  (4.5  oz)  i>T  75%  water  dupeable  powder. 

Add  4.5  oz.  of  75  percent  lettable  malathion 
powder  to  the  hand  sprayer,  Add  water  slowly  with 
conbtjam  mixing  to  the  gallon  mark.  *  \- 

ExahiplerS*  Prepare  7  J  liters  (7500  ml  or  about  2- 
gallons)  of  5  percent  suspension  from  75  percent 
malathion  wettable  powder. 

a  =  s  x  ax  D  ' 


Example  9.  Prepare  100  gallons  of  0,5  percent 
sfchlordane  emulsion  from  an  emulsifiable  concentrate 
containing  4  pounds  per  gallon. 


q= S  x  a  x  D 
COxW 


n=  0J%X  IQ0g»lX8.34^gJ 
100%  X  4  Jb/£*l 

Q  ^  1,04  gallons  of  chlordane  concentrate 


^     q=  5%  X  7500  ml  X  1  gm/cc 
75% 

Q  =  500  gm  of  75  percent  water  wcttafrle  powder 

a. 

Place  500  ^grams  of  75  percent  wettable  malathion 
powder  in  the  2-gallon  sprayer.  Add  a  small amount  of 
water  and  stir  to  make  a  slurry.  With  constant  stirring, 
add  water  slowly  to  the  7500  ml  mark. 

This  formula  may  be  used  to  prepare  solutions  and 
suspensions  on  an  accurate  basis.  After  the  amount  of 
material  to  be  used  has  been  computed  and  weighed, 
place  it  in  a  container  and  make  a  permanent  mark  to 
be  used  when  solutions  or  suspensions  are  being 
prepared  by  field  *personncl_  They  will  then  be  able  to 
crux  chemicals  by  volume  without  using  scales  to  make 
measurements  each  time  a  tankful  is  uf be  mixed. 

SAD  COWfarmuIa.  This  formula  is  used  when .the 
liquid  concentrate  is  prepared  on  the  basis  of  pounds 
of  pesticide  per  gallon  of  formulation  (see  examp[c  9 
below). 

The  following  formula  may  be  used  to  dilute  liquid 
concentrates  prepared  on  the  basis  of  pounds  of 
pesticide  per  gallon.  ^ 

0=  s x  a x  p 
CO  x  w 
Where:  ^. 

Q  =  quantity  of  concentrate  required  in  saltans  * 
S  =  *ircngih  of  percentage  of  active  ingredients  in  rbe 

finished  spray 
A  =  amount  of  spray  to  be  prepared  tu  gallons 
D  —  dtnsicv:  weight  of p  gallon  of  dUucnt*  ususaUy  water 
(Sulfas)  ^     .      .  * 

tO  m  concentrate:  100  percesit 
(     W  Sswetghr  of  the  pesticide  eooeentraie'!!n  pounds  per  galton 

Many  pesticides  are  now  sold  with  the  Label 
indicating  pounds  of  pesticide  per  gallon  rather  than 
percentage  of  'toxic  mate  rill  Is;  examples  are 
chiordane— 8  pounds  per  gallon,  or  4  pounds  per 
gallon.  In  this  case,  thcwcight-io-wcight  formula  is 
modified  so  that  the  factor  CO  is  considered  as  100 
percent,  and  &  factor  W-pounds  of  pesticide  pcrgallon 
is  added. 


Add  J  gallon  of  4  pounds/ gallons  chlordane 
concentrate  t a  sufficient  water  to  make  100  gallons  of 
finished  spray.* 

Exercises  (420): 
^JSotve*  each  of  the  following  formulation  calculation 
:  problems  to  the  nearest  hundredths. 


1. 


Prepare  200  gallons  of^^ercent  spray  using  a 
20-percent  emulsifiable  concentrate.  How  much 
emulsifiable  concentrate  is  required? 


Prepare  100  gallons  of  ,5  percent  suspension 
using  25  percnet  wettable  powder  insecticide 
How  many  pounds  of  25  percent  wettable  powdn 
are  required? . 


ler 


Prepare  50  gallons  of  1  percent  emulsion  using 
an  emulsifiable  concentrate  containing  1 .5  pounds 
active  ingredient  per  gallon.  How  much  concen- 
trate is  required? 


Prepare  100  pounds  of^023perccntwarfarin  using 
a  «5  percent  concentrate.  What  is  the  dilution 
ratio? 


Prepare  5  pounds  of  2  percent  dusting  powder 
using  25  percent  wettable  powder  and  talc.  How 
much  concentrate  is  required  m  ounces? 


Prepare  2  gallons  of  1  percent  suspension  using 
a  10-percent  wettable  powder  How  many  pounds 
of  concentrate  is  required? 


421.  Solve  given  herbicidal  calculation  problems.  - 

Unique  Calculations  for  Herbicides.  This  objective 
has  been  included  to  discuss  calculations  that  are 
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primarily  ratritted  to  the  formulation  and  application 
of  herbicides.  In, most  cases,  the  calculation  formulas 
given  previously  will  -apply  to  herbicides;  however* 
some  herbicide  labels  give  formulation .  and 
application  instructions  that  axe  not  common  with 
other  pesticide  labels.  The  following  formulas  should 
assist  you  in  formulating  and  applying  herbicides 
when  the  herbicide  label  contains  information  that 
may  be  uncommon  to  you  at  this  point. 

Calculating  acre-feet  of  water.  Calculating  the  acre 
feet  contained  in  a  body  of  water  may  be  required 
when  a  pesticide  must  be  -applied  per  acre-foot  of 
water.  Although  the  use  of  the  following  formula  is  not. 
common  for  insecticides,  it  is  frequently  used  for 
herbicidal  applications  to  aquatic  vegetation, 

(Acre-feet  of  water  formula); 


Product  nte  per  acre  - 


100 


X  standard  rale  per  acre 


Acre-feet  of  water 3 


!  surface  acres  X  average 
depth  of  water  in  feet 


.  Example:  Determine  the  acre-feet  of  water 
contained  in  a  body  -of  water  that  has  an  overall 
surface  area  of  2  acres  and  an  average  depth  of  3  feet!,. 

Aercieet  of  water  —  surface  acres  *  average 

depth  of  water 
Acre-feet  of  water  —  2X3  ft^ 
Acre-feet  of  water  ™  6 

Calculating  product  rates  of  liquid  formulations. 
Calculating  product  rates  may  be  required  when  using 
herbicides  andTS^dmosrentirely  uniquefor  herbicidal- 
applications/  The  following  formula  is  used  to 
deierminethe  product  rate  when  A^M  91-,  Herbicide 
Manual  For  NOncrOpland  Weeds*  specifies  that  itis  to 
be  applied  at  a  standard  rate  per  acre  using  X  number 
of  pounds  of  active  ingredient  (AI)  or  acid  equivalent 
(AE)  per  acrc^ 

(Product  rate  fo'rmula^or  liquid  formulations): 

Product  rate  {  =*™idard  race  per  acre 

■  lb  of  AI  per  gal 

Product  rate  per  acre  = 

4 

Product  rate  per  acre  —  2-5  gallons 

Calculating  product  rates  of  dry' formulations. 
Calculating  product  rates  of  dry  materials  is  required 
when  the  herbicide  labet  specifies  that  the^erbicide 
contains  a  certain  percent  of  active  ingredient  and  it 
must  be  applied  at  the  standard  rate  identified  by 
ABM  91-19. 

(Product  rate  formula  for  dry  formulations): 

Product  rate  per  acre  =  195  *  Standard  rate  per  acre 
%  AI 

Example:  A  herbicide  label  specifies'  tha*  fbe 
herbicide  is  80  percent  active  ingredient  and  AFM  9 1™ 
specifics  that  the  herbicide  used  for  this  operation 
musi  be  applied  at  ihe  standard  rate  of  10  pounds  per 
acre.  What  is  ihe  product  raie  of  the  herbicide  applied? 


Product  rate  per  acre*  J2£x  10 
-  80 

Product  raifeper  acre  =  I2J  pounds 


Calculating  total product  to  be  applied  to  a  body  of 
water.  When  herbicides  are  to  be  applied  to  control 
aquatic  vegetation  it  is  often  necessary  to  calculate  the 
quantity  of  herbicide  to  be  applied  in  ppm  (parts  per 
million).  The  following  formula  is  used  to  determine 
the  quantity  of  total  product  requited  when  the  rate  of 
application  is  given  in  parts  per  million* 

(Quantity  of  total  product  for  ppm  application 
formula): 

Total  product  =  parts  per  million  X  acre-feet  of 
water  X  2J 

NOTE:  The  2-7  is  constant  because  1  acre-foot  of 
water  weighs  2*722,500  pounds;  therefore,  one  panper- 
millioh  equals  2.7  pounds  of  chemical  to  be  added  to 
each  acre-foot  of  water. 

Example.  A  herbicide  is  to  be  applied  to  6  acre-feet 
of  water  at  the  rate  of^2  ppm*  How  much  of  the  total 
product  will  be  required  to  treat  this  body  of  water? 

Total  product  -  ppm  X  acre-ft  of  water  X  2.7 
.Total  product  =  2X  6X  2,7 
Total  product  =  314  pounds 

^NOT£:_Once  you  have  determined  the  quantity  in 
pounds  of  Ajtal  p ro^uldt  thatrwill-be  requiredjo  treat 
the  area,  you  will  need  to  convert  the  pounds  of  totaT^ 
product  into  pounds  of  active  ingredient  This  is  done 
by  using  either  the  product  rate  formula  for  liquid 
formulations  or  ihe  product  rate  formula  for  dry 
formulations  which  were  provided  at  the  beginning  of 
this  objective. 

Exercises  (421); 

Solve  each  of  the  following  herbicidal  calculation 
problems  (to  the  nearest  hundredths), 

1.   The  product  rate  to  be  applied  when  a  herbicide 
must  be  applied  at  a  standard  rate  of  5  pounds  of 
active  ingredient  per  acre  that  contains  2  pounds 
.  of  active  ingredient  per  gallon  would  be? 


2,  How  much  totalj  product  of  a  herbicide  is  required 
to  treat  a  lake  at  the  rate  of  2  ppm  that  has  a 
surface  area  of  12  acres  and  has  an  average  depth 
of  5  feet?' 


The  product  rate  to  be  applied  when  a  herbicide  is 
to  be  applied  at  ihe  standard  rate  of  5  pounds  per 
acre  using  a  75  percent  active  ingredient  product 
would  be?  * 
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422,  Identify  pesticide  particle  size  with  the  type  of 
application. 

Pesticide  Application  and  Particle.  Size,  The 
effectiveness  of  a  pesticide  is  greatly  influenced  by  the 
size  of  the  droplets  or  panicles  into  which  it  is  broken 
when  applied.  For  example,  in  residual  applications,  a 
spray  is  desirable  in  order  to  wet  the  surface  and  leave 
a  long-lasting  deposit;  whereas  in  space  spraying,  to 
kill  mosquitoes  and  flies  on  the  wing,  a  mist  or  fog 
should-  be  used  so  that  the  pesticide  will  remain 
suspended  in  the  air  for  a  time"  to  kill  the  insects 
exposed  to  the  droplets.  Pesticides  may.  be  applied 
either  as  liquid  or  as  dusts. 

Liquid  sprays.  Liquid  sprays  range  from  rain-like 
drops  delivered  by  orchard  sprayers  to  mists  and  fogs 
produced  by  mist,  fog,  05  aerosol  generators.  It  is 
impossible  to  break  up  a  liquid  into  entirely  uniform'  - 
droplets,  although  the  range  of  droplet  size  may  be 
considerably  restricted.  There  are  always  some  fine- 
droplets  among  the  others,  even  when  the  spray  is 
rather  coarse.  The  usual  practice  isto  referto  the  mass 
median  diameter  (MMD)  of  the  spray*  which  ts  the 
droplet  diameter  that  divides  the  volume  or  mass  of 
the  spray  into  two  equal  portionsv  respectively/ more 
finely  and  more  coarsely  atomized*  The  unit  of 
measurement  is  the  micron,  1  / 1000  of  a  millimeter  or 
about  1/25,000  of  an  inch.  The  average  diameter  of  a 
human  hair  is  about  I0Q  microns. 

Coarse  sprays  contain  droplets  400  microns  or  more 
in  diametefr*  which  are,  produced  with  coarse  disc 
nozzies  or  solid-stream  gun  nozzles. " 
— Eine^praysjiave  droplets  ranging  from  100  to  400 
microns,  pro ducwTwith high-press urtthrough  hollow- 
cone  and  fan -spray  nozzles. 

Mists  range  in  droplet  size  from  50  to  100  microns  in 
diameter.  They  are  produced  by  high-pressure  pumps, 
high-speed  mechanical  rotors*  and  atomizers. 

Aerosols,  smokes,  and  fogs.  Aerosols,  smokes*  and 
fogs  may  be  defined  as  assemblages  of  solid  partides 
*or  liquid  droplets  suspended  in  air  andjanging  in  size 
for  0.1  to  50  microns.  Pesticidal  aerosols  and  fogs  may 
be  produced  by  spraying  insecticides  mto  a blast  of  hot 
abas  with  the  thermal  aerosol  generator,  or  by  mixing 
them  with  a  liquefied  gas  which  is  then  released 
through  small  orifices,  as  with  the  household  **bug 
bomb."'  They  can  also  be  produced  by  atomization 
from  very  fine  nozzles,  or  by  being  thrown  off  the  rim 
of  high-speed  rotors. 

Fumigants.  "This  includes  fumes,  vapors^  and  gases 
and  consists  of  particles  in  the  rangc^of  0.001  to  0.1 
microns  in  diameter.  These  are  common  in  the  output 
of  thermal  fog  generators,  vapor  producing 
equipment,  and  the  release  of  fumigant  .compounds 
within  the  atmosphere. 

Dusis  and  granules.  Pesticidal  dusts  occur  in  three 
sizes:" 

Coarse  dusis  hate  a  parricic  size  about  1 75  microns  ■ 
or  larger,  which  include  granules. 

Medium  dusis  range  from  45  to  175  microns."  . 


Fine  dusts  have  a  particle  size  of  44  microns  or  less. 

Fine  dust  panicles  will  pass  through  a  325; mesh 
screen,  i.e.,  one  with  325  wires  to  the  inch.  A  coarse 
dust  is  used  where  excessive  drift  must  be  avoided,  as 
in  airplane  application,  - 

During  the  past  few  years*  increasing  concern  has 
been  expressed  about  the  effects  of  pesticides  on 
no  marge  t  organisms,  particularly  fromthe  buildup  of 
pesticides  in  the  environment  following "  repeated 
applications.  Therefore,  there  has  been  great  interest 
in  recent  research  indicating  that  very  effeciive.contr6l 
ofi  insects  could  be  obtained  by  dispensing  very  small 
amounts  of  pesticide  (such  as  0.5  ounce  of  naled  or  3 . 
ounces  of  malathion  per  acre)  in  the  form  of  millions 
of  tiny  droplets  evenly  dispersed  over  large  areas. 

Today  it  is  assumed  that  the  effectiveness  of  a 
pesticide  increases  with  an  increase  of  its  exposed 
surface.  For  droplets  of-  different  diameters^  the 
volumes,  are  to  each  other  as  the  cubes  of  the 
diameters,  while  the  surfaces  are  to,  each  other  as  the 
squares  of  the  diameters.  Thus,  for  equal-volumes  of 
one  aerosol  dispersed  as  droplets  of  50  microns  in 
diameter' and  another  as  droplets  of  5  microns  in 
diameter,  there  would  be  10  X  10  X  10,  or  1000  times, 
as  many  of  the  smaller  droplets,  while  the  surface  area 
of  the  smaller  droplets  would  be  1QX  10,  or  100  times, 
as  great  as  the  total  surface  area  of  the  larger  droplets. 

Exercise*  (422); 

1.    Match  pesticide  particle  size  ranges  witr^the>type 
of  application  by  placing  the  alpha  letter  of  the 
particle^size  range  in  the  blank  beside  the 
.appropriate  application. 

Pesticide  Application    ✓    Particle  Size  Range  in  \ficrons 


.  1.  Aerosols  arwLfoBs. 
,  2.  Fine  sprays. 
,  3.  Fumigjura*. , 
■  4.  McdiunrduscSi 
.  5.  Misis. 


a.  0~00I  -  O.t 

b.  0.1  -50. 
C  50  -  l00. 

d.  45  -  75. 

e,  J  00  -400. 


*  L  — . 

Complete  the  following  statements: 

2.    The  average  diameter  of  a  human  hair  is  about 
  -  microns. 


3.   The  effectiveness  of  a  pesticide   is  greatly 

influenced  by  the    of  the  panicles 

when  applied. 


4:  If-you  were  applying  pesticide  particles  that  range 
in  size  from  0.1  to  50  microns  as  opposed  to 
particles  that  range,  in  size  from  50  to  100 
microns,  the  effectiveness  of  the  pesticide 
would  (increase  /  decrease). 
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1-3.  Effects  of  pesticides  on  the  Environment 

The  environment  is  our  surroundings  and  its  many 
forms  of  life.  Every  plant  or  animal  is  affected  by  other 
plants  and  aniniaU  In  the  environment-  Factors  like 
rain,  temperature,  and  wind  are  part  of  the 
environment,  and  these  factors  can  affect  pesticides* 
which  in  turn  affect  the  environment.  Although  rain, 
temperature,  and  wind  cannot  be  controlled,  the  use  of 
pesticides  can, 

lii  order  to  understand  the  effects  of  pesticides  on 
the  environment,  ecology  must  be  discussed  to  identify 
the  important  environmental  elements  and  their 
relationship  to  each  other.  In  addition  to  this,  you 
must  also  be  able  to  distinguish  and  understand  the 
difference  between  pesticide  toxicity  and  pesticide 
hazard.  Once  you  understand  the  relationship  of  the' 
environmental  dements  and  the  toxicity  and  hazards 
of  pesticides,  you  can  then  realize  the  beneficial  and 
detrimental  aspects  of  pesticides. 


423.  Define  ecology  and  assess  the  importance  and 
role  of  identified  environmental  elements: 

Ecology*  Ecology  is  defined  as  the  study  of  the 
relationship  of  livingjhings,  the  environment  they  live 
in,  and  their  relation  to  other  living  things*  Literal 
translation  of  the  word  ecology  is  "household  or  place 
to  live";  therefore,  a  pond  could  be  the  household  fora 
fish.  The  water,  oxygen,  and  other  aquatic  life  would 
be  the  environment  of  the  fish. 

As  a  pest  manager,  you  must  understand  the 
importance  of  each  dement  within  the  environment 
because  you  are  in  a  position  to  increase  or  decrease 
environmental  hazards.  You  have  a  responsibility  of 
managing  pests  effectively  and  economically  in  a 
method  that  will  not  adversely  affect  the  cnvironmenL 

This  objective  is  designed  to  enable  you,  as  a  pest 
manager,  to  recognize  the  interdependence  of  all 
elements  within  the  biosphere  and  to  select  pest 
control  methods  that  will  reduce  hazards  to  the 
environment- 

Life  within  the  environment  is  a  very  thin  layer  of 
the  atmosphere.  This  thin  layer  of  life  is  scientifically 
referred  to  as  the  biosphere.  The  biosphere  consists  of 
biotic^  (living)  elements  and  ,  abiotic  (nonliving) 
elements.  Interaction  and  continuous  recycling  of 
these  two  elements  constitute  an  ecosystem. . 

Abiotic  elements.  Nonliving  elements  within  *  an 
ecosystem  play  an  important  role  in  the 
interdependency  within  the  biosphere  because'they  are 
required  for  the  growth  and  development  of  the  living 
elements.  Nonliving  elements  within  the  biosphere 
consist  of  several  cycles  and  are  referred  to  as  the 
natural  cycles.  Carbon,  nitrogen,  oxygen,  hydrogen 
phosphorous,  and  iron  are  only  a  few  of  the  natural 
cycles.  Although  there  are  many  natural  cycles,  you 
will  only  study  the  three  that  are  considered  to  be  most 
basic. 


The  carbon  cycle  is  the  basic  element  within  the 
ecosystem.  Most  carbon  in  living  organisms  is  carbon 
dioxide  (C02).  First,  we  see  carbon  dioxide  being  used 
by  photos^thegg^  jjlants  (plants  essential  in  \ 
producing  Jf^Qyfpesc  plants  require  carbon  dioxide  i 
along  with  other  elements  to  manufacture  food  for  the 
plants.  These  plants  then  store  the  food  in  tissues  then 
are  eaten  by  herbivores.  -  Herbivores  synthesize/ 
(transform)  the  carbon  compound  into  other 
compound  forms.  In  turn,  the  herbivores  axe 
consumed  by  the  carnivores^  that  redigest  and 
synthesize  the  carbon  once*  again  into  other 
compounds.  Some  of  the  carbon  is  released  back  into 
the  atmosphere  as  C02,  while  the  remaining  carbon  is 
disposed  of  as  a  excretory  waste.  Bacteria  and  fungi 
feed  on  this  organic  matter  and  reduce  it  into  simple^ 
elements'  again.  At  this  stage,  most  of  the  organic 
.  carbon  is  released  in,  the  atmosphere  as  carbon 
dioxide  ,  and  the  remaining  portions  are  drawn  into  the 
*earth*s  surface  and  eventually  transformed  into  coal 
The  nitrogen  cycle  is  also  important;  because  it  too, 
aids  plant  growth.  Plants,  obtain  nitrogen  directly 
from  the  soil  with  the  assistance  of  bacteria  living  in 
the  plant  roots*  From  this  point,  the  cycle  continues  on 
"  and  on,  just  as  the  carbon  cycle. 

Another  important-  natural  cycle  is  the  relatively 
simple  oxygen  cycle,*  As  -you  know,  oxygen  is  a  by- 
product of  photosynthesis.  Oxygen  can  be  found  in  air  ■ 
and  water  and  is  vital  in  the  respiration  process  of 
green  plants  and  consumers  of  green  plants*  The 
consumers  of  green  plants  take  in  oxygen  from  the 
atmosphere  and  they  transpose  oxygen  into  carbon  ' 
dioxide,  which  is  expelled  and  taken  in.by  the  green 
plants.  The  green  plants  "then  transpose  carbon 
dioxide  into  oxygen;  so  this  p  rocess  continues  its  cycle. 

As  stated  earlier,  there  arc  many  more  equally 
important  natural  cycles  that  could  be  discussed,  but 
the  need  to  divert  the  discussion  to  the  bioric  elements 
is  in  order  at  this  time, 

Biotic  elements.  Green  plants  and ^consumers  of 
green  plants  are  the  two  prime  living  elements  in  each 
ecosystem.  Green  plants  are  considered  to  be  the 
primary  biotic  element  because  they  manufacture  food 
from  energy  of  the  sun  and  inorganic  'matter.  Green 
plants  provide  an  integral  link  in  the  natural  food 
chain  by  storing  the  sun's  energy  and  passingJt^ 
'through  the  ecosystem  in  a  series  of  steps  ofeatingand 
being  eaten.  Green  plants  are  also  very  important  in  ■ 
the  respiration  process,  as  previously  explained  in  the 
paragraph  concerning  the  oxygen  cycle. 

Just  like  green  plants,  the  consumers  of  green  plants 
are  also  vital  in  the  respiration  process.  Their  relation 
in  the  respiration  process  and  the  dependency  of  each 
element  is  also  explained  in  the  oxygen  cycle. 
/Consumers  of  green  plants  include  (but  are  not  limited 
to)  animals,  insects,  bacteria,  and  fungi;  and  they  too, 
provide  another  important  link  within  the  food  chain. 

Up  to  this  point,  you  have  studied  the  importance  of 
abiotic  and  biotic  elements  within  the  ecosystem  and 
have  realized  their  relationship  in  the  respiration 
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process,  but  more  discussion  should  be  devoted  to- 
thcir  relationship  and  dependency  within  the  food 
chain.  This  relationship  and  dependency  of  the  abiotic 
and  bio  tic  elements  within  the  food  chain  can  bebctter 
understood  by  using  the  following  example. 

The  abiotic  elements  are  required  to  provide  food 
for  the  green  plants  which  are  considered  to  fc*  the 
.basic  food  dement  within  thee  ecosystem.  Green 
plants  then  provide  food  for  the  herbivores  (plant 
caters,  such  as  rabbits) and  omnivores (plant and  meat 
caters,  such  as  man).  Rabbits  are  then  eaten  by  the 
carnivores  (meat  caters*  such  as  coyotes)  and  again  the 
omnivores.  Other  carnivores  such  as  bears,  hawks, 
and  vultures  kill  and  eat  the  coyotes  and  each  other. 
Then  comes  man,  who  kills  various  carnivores  for 
food  and  sport,  and  in  turn,  man  dies.  With  the  death 
of  plants^  herbivores,  carnivores,  and  omnivores 
conies  the  food  source  for  the  decomposers  (bacteria, 
fungi,  and  protozoa).  As  the  decomposers  feed,  they 
return  essential  organic  matter  to  the  soil  to  support 
plant  growth;  thus,  completing-the  food  chain. 

,  Discussion  about  phytoplanktons  has  been  reserved 
for  last  because  they  consist  of  both  green  plant  and 
consumers  of  green  plant  matter,  Phytolanktons  are 
very  minute  organisms  that  float  about  in  various 
bodies  of  water  and  are  the  principal  producers  of 
photosynthesis.  It  is  estimated  that  they  produce  70 
percent  of  the  earth's  photosynthesis  which  is  required 
for  oxygen  renewal  in  the  atmosphere. 

Based  upon  this  information,  it  is  understandable 
that  each  cycle  and  element  is  dependent  upon  each 
other,  and  the-interaction  between  them  is  required  to 
support  each  ecosystem.  The  biosphere  is  constantly 
undergoing  changes  and  each  change  affects  an 
ecosystem;  thus,  it  ts  your  responsibility  to  insure  that 
you  do' not  present  hazards  that  couJd  immensely 
affect  the  environment. 

Exercises  (423): 
1,    Define  ecology. 


2?   What  is  the  biosphere? 


?  3,   The  basic  element  within  the  ecosystem  is  the 
 cycle. 


4.    Describe  the  interdependence  of  green  plants  and 
am  ma  Is  in  the  respiration  process. - 


5.    Describe  the  role  played  by  the  abiotic  elements 
within  the  biosphere. 


6.  What  are  the  two  prime  living  elements  contained 
in  each  ecosystem?  .  "\ 

7.  What  is  considered  "to  be  the  primary  biotic 
element? 


8.    State  the  importance  of  animals  ip  green  plants 
within  the  food  chain. 


9. '  Describe  phytoplanktons. 


10.  State  the  role  of  importance^ played  by  bacteria, 
fungi,  and  protozoa  within  the  food  chain. 

J  .  > 

424,  Identify  the  beneficial  and  detrimental  aspects  of 
pesticides. 

Impact  of  Pesticides  in  the  Environment,  In  order 
to  discuss  and  understand  the  full  impact  pesticides 
have  in  the  environment,  you  must  look  at  the 
*  beneficial  and  detrimental  aspects. 

Pesticides  may  be  beneficial  or  detrimental,  and  atv 
times,  simultaneously,  depending  upon  their  use.  This 
comment  can  be  better  understood  as  the  discussion 
"progresses. 

Beneficial  aspects  of  pessiddes.  Pesticides  are 
required  to  manage  pests  of  medical  and  economical 
importance.  Without  the  aid  of  pesticides,  fanners 
could  not  produce  enough  yield  from  the  crops  to 
support  the  increased'population  because  these  crops 
would  be  severely,  damaged  by  the  spread  of 
undesirable  plants  and  plant  eating  insects.  Structures 
could  be  rendered  unsafe  and  totally  destroyed  by 
many  fungi  and  insects  if  the  structures  are  not  treated 
with  pesticides.  Pesticides  have  contributed 
immensely  m  the  decline  of  many  diseases  that  were 
dreadfully  feared  a  few  years  ago  because  of  the 
number  of  cases  causing  death.  Today,  many  of  these 
diseases  are  almost  nonexistent  and  rarely  spoken  of  in 
the  United  States  due  to  using  pesticides. 

There  are  many  vertebrate  animals,  insects, 
arachnids,  and  others  that  are  responsible  for 
transmitting  diseases  and  are  venomous;  in  addition, 
many  are  simply  a  nuisance,  causing  humans  to  lose 
sleep  and  not  be  able  to  enjoy  outdooractivittes.  From 
this  information,  you  can  understand  that  pesticides 
are  required  to  maintain  a  healthy  and  prosperous 
Nation*  and  they  do  have  a  beneficial  role  in  our 
environment. 
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Detrimental  aspects  of  pesticides.  Pesticides  present 
many,  hazards  to  the  environment  because  they  can  ■ 
affect  many  biotic  demerits.  Generally,  these  effects 
are f  very  minor  and  temporary;  however,  if  pesticides 
were  continually  used  without  proper  knowledge  of 
their  hazards  and  without  concern,  the  effects  could 
become  severe  and  permanent* 

In  order  to  fully  understand  the  importance  of  this 
section,  the  possible  long-range  effects  of  continuous 
misuse  of  pesticides  must  be  *  considered  and 
remembered  throughout. 

The  majo  r  problem  with  pesticides  is  the  effect  they 
may  have  on  nontarget  organisms  (organisms  that  are 
not  intended  to  be  affected).  Regardless  of  how* 
carefully  pesticides  are  applied,  there  is  always  a 
possibility  of  destroying  nontarget  organisms.  This 
can  occur  either  directly  or  indirectly. 

Direct  destruction  of  nontarget  organisms  is  usually  f 
the  result  of  applying  pesticides  to  kill  target 
organisms  when  nontarget  organisms  are  in  the  same 
area;  therefore,  both  organisms  would  be  killed.  This 
is  a  perfect  example  of  a  pesticide  being  beneficial  and 
detrimental  at  the  same  time. 

Indirect  destruction  of  nontarget  organisms  is 
generally  caused  by  pesticides  moving  off  target 
through  natural  eii vir onmental \conditio us  such  as  the 
air.  soil,  and  water.  \ 

When  pesticides  are  bemg\  applied  outdoors* 
pesticide,  particles  (liquids  or  dusts)  are  carried  off 
target  by  wind  currents.  These  panicles  may  remain  in 
the  wind  currents  for  a  long  period  of  time  and 
transferred  to  an  area  several  miles  away.  During  the 
.drift,  some  particles  are  caught \  on  trees*  others 
eventually  settle  to  the  ground*  and  t^he  remaining  few 
may  be  suspended  in  the  atmosphere.  Aerial 
application  of  pesticides  presents  the  greatest  problem 
of  pesticide  drift,  followed  by  the  fogging  of  outdoor 
areas  for  mosquito  control  and  thet  application  of 
residual  pesticides  to  trees  and-  shrubs. 

Soils  are  contaminated  with  pesticides  in  many  ways 
other  than  drifting  pesticide  particles  settling  to  the 
ground.  The  suspended  pesticide  particles  in  the 
atmosphere  may  be  released  to  the  ground  as  fains 
cleanse  the  atmosphere  of  many  other  suspended 
particles.  Rain  will  also  wash  pesticide  particles  from 
buildings,  trees,  shrubs,  and  grasses;  thus  tbe  particles 
accidentally  contaminate  the  soils.  Once  pesticide 
particles  are  in  the  soil,  they  may  move  throughout  the 
soil  by  leaching. 

Almost  all  pesticide  particles  eventually  end  up  in 
water  regardless  of  how  carefully  they  are  applied.  As 
pesticide  particles  drift  through  the  air",  they  fall  tothe 
earth's  surface  and  settle  on  trees,  shrubs,  grasses, 
soils,  streams,  rivers,  ponds,  lakes,  and  oceans.  Rains 
increase  the  amount  of  pesticide  particles  in  water  by 
removing  panicles  from  the  air  and  transferring  them 
from  the  trees,  shrubs,  grasses,  and  soils  through 
runoff  and  leaching.  When  this  occurs*  the  pesticide 
particles  are  carried  to  ponds^and  streams.  These 
panicles  collect  and  increase  as  they  are  transferred  to 


livers*  lakes,  and  oceans  that  may  be  a  great  distance 
from  the  original  target 

Persistent  pesticides  probably  contribute  more 
environmental  hazards  than  any  other  product,  > 
because  they  do  not  breakdown  very  easily  or  quickly  .a 
These  pesticides  may  remainstable  for  weeks  months,  \ 
or  even  years  in  the  air,  soil,  water;  furthermore,  some 
amy  actually  transform  into  a  more  toxic  compound 
than  the  original  compound  after  several  years.  Tfie 
prime  concern  over  the  use  of  persistent  pesticides  is 
the  effect  they  may  have  on  the  food  chain.  The  food 
chain  can  be  severely  jeopardized  by  these  persistent 
compounds.  For  instance,  an  area  is  treated  with  a 
persistent  compound  to  manage  grubs, that  are 
destroying  turf.  The  grubs  come  in  opntact  with  the 
compound  and  are  killed.  Along  come  the  moles  thai 
feed  on  the  grubs.  Some  may  die,  others  may  live,  but 
now  they  have  the  comound  stored  in  their  bodies.  The 
toxicity  level  may  increase  within  their  bodies,  and 
when  they  are  eaten  by  other  animals,  the  toxicity  level 
may  be  so  high  that  the  predator  will  be  killed/This 
process  can  continue  throughout  tbe  food  chain  and 
eventually  affect  humans.  These  effects  may  be 
nervous  disorders,  cancer,  birth  defects,  or  death  from 
high  toxicity  levels.  Traces  of  many  persistent 
pesticides  can  be  found  in  almost  any  product  from 
eggs  to  breast  milk,  and  the  sad  part  about  the  whole 
process  fav  ihat  these  persistent  pesticides  can  be  stored 
and  transferred  through  a  continuous  cycle.) 

As  yet,  pesticides  have  hot  completely  destroyed  any 
particular  element  within  the  environment;  however, 
they  have  disrupted  certain  elements  and  have  caused' 
a  lot  of  concern  from  time  to  time* 

Keeping  in  mind  the  statement  made  previously 
about  the  possible  long-range  effects,  it  is  conceivable 
that  pesticides  could  destroy  certain  elements  in  the 
future,  if  used  improperly.  Protecting  the 
environmental  elements  from  pesticides  is  your 
responsibility  and  is  the  subject  of  discussion  in  the 
next  objective. 

Exercises  (424): 

1.    List  the  beneficial  aspects  of  pesticides  from  the* 
economical  standpoint. 


2,   List  the  beneficial  aspects  of  pesticides  from  the 
medical  standpoint. 


3.   When  could  the  detrimental  effects  of  pesticides 
«  become  severe  and  permanent?  s  - 


4.   What  is  the  major  problem  witr^ pesticides? 
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5.    List  the  methods  by  which  pesticides  may 
contaminate  soils? 


6.    Describe   the   methods   is   which  ■  rain  can 
contaminate  soils  with  pesticides. 


7.   Describe  a  persistent  pesticide. 


8.    Describe  the  hazards  that  can  be  presented  by 
pesticides  within  the  food  chain. 


9.   A  characteristic  of  .some  persistent  pesticides  is 
ihf-ir  ability  to  transform  into  a  more  * 

compound  than  the  .  compound 

after  several  years. 


425.  -Specify  methods  for  reducing  pesticide  hazards 
in  the  environment. 

Methods  of  Reducing  Pesticide  Hazards  in  the 
Environment.  Environmental  damages  by  pesticides 
can  be  virtually  eliminated  by  simply  adhering to  some 
fundamental  pest  management  principles.  Foremost .- 
of  these  principles  is  the  accurate  assessment  of  the 
pest  pro^em  to  determine  if.  a  pest,  management 
operation  is  really  necessary.  Then,  if  a  valid  pest 
management  requirement  actually,  exists.  Select  and 
execute  measures  that  will  provide  maximum  pest 
management  results  while  causing  minimal 
environmental  damage  (using  pesticides1  as*  a  last 
resort). 

Determine  the  requirements  for  pest  management 
programs*  Pest  management  requirements  can  be 
accurately  determined  only  after  surveying  the  area 
concerned  to  confirm  the  existence  of  pest  populations 
and  to  identify  environmental  conditions  conducive  to 
the  existence  and  propagation  of  these  pest 
populations,  /An  ongoing  pest  surveillance  program  is 
very  effective  not  only  in  detecting  existing  problems. 
but  is  also  an  invaluable  tood  in  indentifying  potential 
pest  prooleiEBS  so  that  timely  preventive  measures  can 
preclude  the  need  for  drastic  eradication  measures  in 
the-  future.  As  a  general  rule,  environmental  sanitation 
techniques,  such  as  elimination  of  harborage  and 
breeding  areas,  will  prevent  buildups  of  pest 
populations  without  causing  significant  damage  to 
populations  of  desirable  species.  Occasionally,  the  use 
of  biological  methods,  such  as  the  introduction  of 
predacious  minnows  to  impounded  water  to  feed  on 
mosquito  larvae,  will  provide  very  satisfactory  control 
of  certain  mosquito  populations.  In  other  instances. 


mechanical  devices  or  structural  modifications  to. 
buildings  may  provide  satisfactory  results!  In  any  case, 
pesticides  should  be  used  only  when  there  is  a 
substantial  need  to  immediately  reduce  a  pest 
population  and  no  other  feasible  technique  will  do  the 
job. 

The  following  hypothetical  situation  is  an  example 
of  problems  requiring  a  certain  amount  of  value 
judgment  as  well  as  expertise  in  maintaining  a  high 
degree  of  target  specificity  in  applying  pesticides.  The 
problem  involves  a  close  association  between  wasps 
and  honeybees  in  a  housing  area.  The  wasps  have 
established  several  large  nests  under  the  eaves  of  a 
number  of  houses  in  the  housing  area.  This  is  a  matter 
on  considerable  consternation  among  the  housing 
occupants  since  the  wasps,  if  disturbed,  will  readily 
attack  and  sting  human  beings,  fi  is  a  well-established 
fact  that  wasp  stings  are  painful  in  all  cases,  and  in  the 
case  of  hypersensitive  people,  will  usually  cause 
dangerous  (sometimes  fatal)  allergic  reactions. 
.  In  selecting  a  means  of  eradicating  the  wasps,  1  the 
pest  management  operator  finds  that  he  must  consider 
the  fate  of  a  large  number  of  honeybees  that  he  has 
observed  working  in  the  flower  beds  around  the 
houses.  Honeybees  produce  food  (honey)  and  are 
extremely  important  crop  pollinators  (some  crops  can 
reasonably  be  expected  to  fail  in  the  absence  of 
honeybees);  hence,  are  considered  to  be ,  highly 
beneficial  insects.  Also,  honeybees,  when  away  from 
the  hive,  are  not  prone  to  attack  and  sting  people.  The 
matter  ofwhetber  or  not  toapply  pesticides  for  control 
of  the  wasps  at  the  risk  of  killing  a  number  of 
honeybees  requires  a  value  judgment  on  the  part  of  the 
pest  'management  operator..  In  this  instance,  the 
human  health  factor  outweighs  the  beneficial  factor 
associated  with  the  honeybees,  and  the  operator  will 
be  justified  in  using  pesticides  to  kiU  wasps.  However* 
if  the  operator  is  a  skilled  professional  and  is 
reasonably  concerned  with  the  preservation  of 
beneficial  life  forms,  he  will  minimize  the  damage  to 
the  honeybees  by  selecting  a  n  on  persistent  insecticide 
and  apply  it  with  equipment  that  can  direct  the 
chemical  directly  at  the  wasp  nests.  This  will  confine 
most  of  the  pesticide  to 'the  target  area.  Any  pesticide 
that  drifts  to  the  flowers  will  quickly  degrade  and  pose 
little  or  not  threat  to  the  honeybees.  To  further  reduce 
the  risk  to  the  honeybees  (and  to  himself),  he  will 
choose  to  apply  the  pesticide  at  night  when  both  the 
honeybees  and  the  wasps  are  inactive.  Night  time 
applications  of  pesticides  to  wasp  nests  are  especially 
desirable  because  all  the  wasps  are  on  the  nests  at  night 
and  the  entire  colony  can  be  killed  with  one  pesticide 
application.  Also,  since  wasps  are  not  active  at  night, 
this  technique  will  virtually  eliminate  the  possibility  of 
the  operator  rcceivng  stings  from  enraged  wasps. 

As  discussed  in  Volume  Z  there  are  two 
fundamental  types  of  pest  control,  natural  and 
applied.  Two  examples  of  natural  controls  are 
unfavorable  weather  conditions  and  predation. 
Natural  controls  occur  without  help  of  mankind. 
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Applied  cootrols  are  those  in  which  human  effort  is 
directed  toward  the  control  of  pests.  In  the  foregoing 
problem,  natural  controls  could  not  be  relied  upon 
since  wasp^are^ot  affected^J^predatiOT  and  since 
unfavorable  weather  conditio ns^do^rtot— normally^ 
occur  until  the  arrival  of  winter  In  a  situation  like  this, 
it  is  necessary  to  resort  to  applied  controls  such  as  the 
use  of  a  pesticide  to  kill  the  adult  wasps  and 
.mechanical  destruction\of  the  nests  to  prevent  the 
hatching  of  a  new  population  of  wasps* 

implement  preventive  ahd  corrective  nonchemicai 
controls  when  possible,  .  When  pest  management 
programs  are  implemented  they  become  applied 
controls,  They  should  only  be  implemented  if  nature 
cannot  manage  the  pests  adequately  and  quickly 
enough  for  the  situation.  If  applied  controls  are 
required**  preventive  or  corrective  nonchemicai 
controls  should  be  implementedx  whenever  and 
wherever  possible. 

"  Preventive  measures  are  normally  preferred  because 
they  are  designed  to  forestall  the  buildup  of  pest 
populations.  Also,  they  are  almost-  always  more 
effective  and  more  economical  in  the  long  run. 
Preventive  controls  consist  of  good  sanitation, 
construction  design  and  maintenance  to  exclude  pests, 
and  drainage  or  management  of  impounded  waw 
Legal  controls,  such  as  quarantine  measures,  areN 
effective  in  preventing  the  introduction  of  alien  pests 
into  an  uninfested  area.  Occasionally,  preventive 
controls  may  also  serve  as  corrective  measures. 

The  routine  programming  of  corrective  controls  is 
^the  least  desirable  technique  because  the  control 
measures  are  intended. to  cope  with  pest  populations 
after  they  have  grown  to  intolerable  levels.  Such 
controls  do  not  provide  for  elimination  of  pest 
problems.  They  simply  reduce  the  problem^ 
temporarily^  to  tolerable  levels.  Since  these  measures 
seldom  produce  permanent  results,  they  must  be 
repeated  frequently  and,  as  a  consequence,  are  very 
expensive  in  ihe  long  run.  Also,  since  corrective 
measures  usually  require  frequent  repeated 
applications  of  pesticides,  they  pose  a  significantly 
greater  threat  to  the  environment  As  a  rule,  corrective 
controls,  particularly  the  use  of  pesticides,  should  be 
used  only  when  there  is  a  need  to  effect  an  immediate 
reduction  of  a  pest  population  to  avert  an  impending 
medical  problem  or  economic  loss.  In  the  previously 
discussed  wasp  problem,  the  use  of  chemical  corrective 
measures  was  justified  because  of  a  need  to 
immediately  eliminate  a  human  health  hazard.  The 
mechamcal  destruction  of  the  nests  was  a  preventive 
measure  of  sons,  in  that  "it  was  designed  to  prevent 
reestablishment  of  the  colonies. 

implement  safe  and  effective  chemical  controls.  The 
timely  and  sustained  implementation  of  nonchemicai 
pest  management  techniques  will  significantly  reduce 
the  need  to  resort  to  the  use  of  pesticides.  When, 
however*  as  a  result  of  inadequate  or  improper 
nonchemicai  measures  or  as  a  result  of  natural  (or 
man-made)  disasters,  and  migrating  pest  invasions,  it 


becomes  necessary  to  effect  an  immediate  reduction  of 
pest  populations  by  chemical  means,  pest 
management  personnel  should  select  the  chemical  and 
method  of  application  that  will  provide  rwmrfrniTm 
results  in  terms  of  both  pest  eradication  and  *J 
environmental^protection.  l¥A 
In  order  for  pesticides  ^to__be_jised  safely  and  ^ 
effectively,  they  must  be  selected  on^tfce  basis~o£_ihe 
type  of "  pests  and  their  location.  You  must  be 
knowledgeable  of  their  development,  habitats;  and 
feeding  habits.  In  many  situations,  it  is  more  effective 
and  safe  to  control  pests  in  the  larvae  stage  because 
they  are  m  ore  susceptible  to  chemicals,  which  requires 
less  chemical  to  co  ntrol  them.  If  you  know  the  habitats 
of  pests  you  can  direct  control  efforts  to  specific  areas 
instead  of  having  to  treat  an  entire  area  just  to  insure 
the  pests  are  affected,  therefore,  reducing  hazards  to 
nontarget  organisms. 

The  feeding  methods  of  pests  is  important  in  the 
selection  of  pesticides  to  be  used  in  management 
programs.  For  chewing  pests,  stomach  poisons 
applied  to  their  food  source  would  probably  be  more 
effective  and  less  hazardous  to  other  organisms  in  the 
area,  especially  those  that  are  not  chewing  organisms; 
thus,  you  reduce  the  hazards  to  nontarget  organisms. 
Co  ntact  poisons  are  very  useful*  and  in  many  cases,  are 
required,  but  they  do  present  more  hazard  to 
nontarget  organisms  than  the  stomach  poisons. 

Now  that  the  common  bases  for  pesticide  selection 
have  been  established,  further  environmental 
protection  steps  must  be  considered.  These  steps  arc 
the  formulation  and  application  of  pesticides. 
Manufacturers  conduct  extensive,  research  at  an 
enormous  expense  to  determine  the  proper 
formulation  strength  application  rates  for  pesticides. 
This  data*  along  with  a  great  deal  of  other  important 
information,  as  a  matter  of  law*  must  be  registered  by 
the  Environmental  Protection  Agency  before  the 
product  can  be^marketed.^The-Jojm ubtion^  and 
application  procedures,  as  well  as  all  use  restrictions, 
are  binding  on  all  users  of  the  product  (including 
Government  agencies).  It  is  most  important,  therefore, 
that  labeling  instructions  be  strictly  adhered  to.  This 
practice  will  insure  maximum  effectiveness  of 
pesticide  applications  and  minimum  damage  to  the 
environment.  Overdoses  of  pesticides  rarely  provide 
an  increased  kill  of  pests.  They  do  tend  to  needlessly 
contaminate  the  environment,  waste  materials,  and 
cause  development  of  pest  populations  that  are 
resistant  to  the  chemical  involved. 

Exercises  (425): 

1,   List  the  three  steps  that  can  be  taken  to  reduce 
pesticide  hazards  in  the  environment. 


What  is  the  only  way  to  accurately  determine 
the  requirements  for  pest  management? 
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3.   When  should  applied  pest  management  programs 
be  implemented? 


4.  if  pest  management  programs  must  be 
implemented,  what  controls  should  be  considered 
first? 


5.    Can  preventive  controls  also  serve  as  corrective 
measures?  '  ~ 


Why  are  preventive  controls  normally  preferred 
over  corrective  controls?  * 


7.  Implementation  of  nonchemic&l  pest  manage- 
ment techniques  will  significantly  reduce  the  need 
of  pesticides  if  they  are  and  . 


Why  may  it  become  necessary  to  implement 
.chemical  control  programs? 


To  reduce  hazards  presented  to  the  environment, 
pesticides  must  be  selected  on  the  basis  of  the 
 of  pests  afid  their  * 


ID,  How  can  maximum  effectiveness  and  minimum 
hazards  to  the  environment  be  insured  when  pests 
are  to  be  managed  by  pesticides? 


426.  Define  pesticide  resistance  and  tolerance  state 
the  types  of  physiological  resistance,  and  specify  the 
methods  by  which  pests  become  resistant  or  tolerant  to 
pesticides,  and  the  methods  of  minimizing  these 
problems. 

Pesticide  Resistance  and  Tolerance.  As  an 
Entomology  Specialist,  you  must  be  very  familiar  with 
the  terms  ^pesticide  resistance**  and  "pesticide 
tolerance,**  because  these  terms  are  used  frequently  in 
most  publications  and  discussions  concerning  pests 
and  the  controls  to  be  used.  You  must  also  be 
knowledgeable  of  the  types  and  methods  in  which 
pesticide  resistance  and  tolerance  are  acquired  and 
minimized,  because  you  will  be  confronted  with  these 
topics  throughout  your  career  in  the  entomology  field. 

Pesticide  resistance.  Pesticide  resistance  can  be 
defined  as  the  ability  of  a  pest  population  to  withstand 


pesticide  treatments  that  were  generally  lethal  to 
earlier  populations-  It  is  often  stated  that  insects 
develop  resistance;  however,  this  statement 
inaccurate. .  Resistance'  b  a  trait  that  is  inherited 
through  a  complicated  genetic  process  by  a  few 
individuals  within  a  (reasonably  large  population 
There  is  a  tendency/for  this  hereditary  trait  to  be 
passed  from  parent  to  offspring.  However,  where  a 
very  few  resistant/  specimens  exist  in  a  large 
population,  probability  dictates  that  only  a  very  few 
resistant  breeding*1 /combinations  will  occur,  thus 
insuring  that  the  trait  will  net  develop  throughout  the 
population,  Population  alterations  begin  to  occur, 
~~  however*  _  when  the  natural  process  of  checks  and 
balances  is  mterpipted__by  the  introduction  to 
pesticides  into  the) popiiIationTTnlhe  mitialstages  of 
the  use  of  a  particular  pesticide,  to  control  a  pest  - 
population,  it  can  generally  be  said  that  a  majority  of 
the  individuals  }  are  mist^nL  The  susceptible 
individuals,  upon  exposure  to  the  pesticide,  die,  while 
the  resistant  individuals  survive  (the  weak  perish;  the 
strong  survive)*  jThis  process  progresses  to  the  point 
where  the  resistant  strain,  through  its  ability  to 
survive,  achieves  a  position  of  dominance  in  / 
population  reproduction.  Continued  use  of  the 
pestiride  involved  simply  reinfor^  ■ 
the  resistant  individuals  until  finally,  virtually  all  t 
reproduction  ,5s  being  done  by  resistant  individuals,/' 
thereby  producing  a  resistant  population.  Once  this 
occurs,  further  use  of  the  pesticide  will  produce 
unsatisfactory  results.  The  matter  can  be  further 
complicated  |  by  cross-resistance,  a  process  whereby 
exposure  to/ one  pesticide  can  produce  populations 
that  are  also  resistant  to  one  or  more  other  pesticides. 
This  resistance  .to  pesticides  occurs  in  two  forms, 
physiological  and  behavioristic.  / 
■  J  .  j 

Physiological  resistance  is  the  ability  of  an  organism 
to  physically  negate  the  effects  of  the  pesticide.  Many 
facets  of!  physiological  resistance  are  not  clearly 
understock!.    However   the   following   types  of 
-^physiological  resistance  have  been  determined  to  exist: 

*  Slow  absorption  -rate,  -Some~_members  of  a  ■ 
population  absorb  the  poison  too  slowly  tbTcceive^a — - — 
lethal  dqsc  from  a  normal  exposure. 

*  Storage.  Some  members  of  a  population  have 
the  ability  to  store  the  poison  in  nonsensrtive  body 
tissues  before  it  can  kill. 

+    Excretion.  Some  members  of  a  population  are 
-    able  to:  excrete  the  poison  before  it  can  kill.  r 

Detoxification.  Some  members  of  a  population  - 
are  able  todetoxify  the  poison  before  it  can  kill  This 
detoxification  jis  known  to  be  Ihe  -xesuit  of  an 
enzymatic   action.    The    harmless  detoxification 
products  are  stored,  excreted,  or  metabolized. 

*  Substituting  biochemical  systems.  Death  by 
pesticide  poisoning,  as  from  any  other  means,  occurs 
as  a  result  of  blockage  of  vital  life  functions.  This 
blockage  is  usually  accomplished  by  the  destruction  or 
paralysis  of  vital  organs.  Some  members  of  a 
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population  are  a  We  to  effect  alternate  accomplishment 
of  the  blocked  function  by  other  body  systems  until 
normal  biophysical  balance  15  restored. 

Behavior  is  uc  resistance  occurs  in  two  forms: 

•  Habitat.  A  few  members  of  a  population  may 
occupy  a  habitat  different  from  that  of  the  normal 
population*  As  a  result*  they  are  not  exposed  to 
routine  pestieide  applications. 

•  Avoidance.  Some  members  of  apopulation  may 
be  particularly  sensitive  to  the  pesticide.  As  a 
consequence,  they  will  avoid  contact  with  it. 

Resistant  members  of  a  population,  regardless  of 
the  type  of  resistance*  tend  to  survive  the  pesticide 
application  and  rebuild  a  resistant  population. 

As  the  foregoing  discussion  illustrates*  insects  do 
not  truly  develop  resistance  to  pesticides.  The  emer- 
gence of  resistant  populations  occurs  as  a  result  of 
man-made  alterations  of  the  breeding  population  that 
— -allows^  resistant  strains  to  become  dominant,  thus 
pcrmitdng^massive^reprod u ction  of  the  resistant 
strains.  — — 

Pesticide  tolerance.  Pesticide  tolerance  cari  be^ 
defined  as  the  ability  of  oneor  more  pests  within  a  pest 
population  to  withstand  pesticide  treatments  that  are 
lethal  to  others  within  the  population. 

Tolerance  is  another  means  by*  which  certain 
members  of  a  pest  population  may  survive  pesticide 
applications.  Tolerance  is  acquired,  whereas 
resistance  is  inherited.  When  an  individual  is  exposed 
to  one  or  more  sublethal  doses  of  pesticide*  the  body 
tends  to  develop  a  tolerance  to  that  particular' 
pesticide*  making  it  possible  for  the  individual  to 
survive  a  future  lethal  dose.  This  tolerance,  howeverTis 
not  passed  on  to  the  offspring.  Tolerance  usually 
occurs  in  two  different  forms,  physiological  and 
behavtoristic 

Physiological  tolerance  is  the  result  of  adjustments 
e.  by  body  systems  that  prevent  the  normal  harmful 
action  of  the  pesticide. 

Behaviorisjic  tolerance  is  the  behavioral  adjustment 
the  pest  makes  as  a  result  of  having  undergone  an 
unpleasant  experience  due  to  contact  with  a  sublethal 
dose  of  the  pesticide.  This  unpleasant  experience 
causes  the  pest  to  recognize  and  tend  to  avoid  the 
-  —pesticide^    

Now  that  the  problelmVofreststance  and  tolerance 
have  been  discussed,  the  question  arises,  "How  can 
these  problems  be  prevented  or  minimized?**  One  of 
the  most  effective  solutions  is  to  use  pesticides  otily 
when  absolutely  necessary.  This  deprives  insect 
populations  of  the  exposure  required  to  develop 
resistance  and  tolerance.  When  pesticides  must  be 
used,  adhere  strictly  to  label  instructions.  This  will 
minimize  underdoses  and  overdoses,  both  of  which 
contribute  significantly  to  resistance  and  tolerance. 

Exercises  (426): 

1.    List  two  methods  for  preventing  or  minimizing 
resistance  and  tolerance?        ,  ,  -  -  ' 


2.  Define  pesticide  resistance. 

3.  Define  pesticide  tolerance, 
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4.    Behavioristic    resistance    occurs    either  by 
 or  . 


5.  The  primary  difference  between  resistance  and 

tolerance  is  that  resistance  can  be  

and  tolerance  is  


6.   Describe  the  types  of  physiological  resistance 
identified  below:  ^ 
'  a.    Slow  absorption  rate. 


b.  1  Substituting  biochemicahsystc 


427,  Distinguish  between  pesticide  toxicity  and 
hazard*  state  the  method  in  which  LD50  is  expressed 
and  determined,  state  the  LD50  of  Identified 
pesticides,  and  define  acute  oral  and  dermal  LD50. 

Pesticide  Toxicity  and  Hazard.  Federal  law 
requires  that  all  manufacturers  of  pesticides  place 
accurate  and  complete  formulation  and  application 
instructions  on  their  container  labels.  These 
instructions  and  other  information  on  the  labels  must 
be  based  upon  very  extensive  research  which,  in  turn, 
must  be  reviewed  and  approved  by  the  Environmental 
Protection  Agency  before  the  label  is  registered  for 
use.  During  this  research,  the  manufacturer  must  also 
establish  toxicity  levels  for  the  pesticide  being  tested. 
This  is  the  topic  of  this  discussion. 

Comparing  toxicity  and  hazard.  A  number  of 
people  tend  to  use  the  terms  **toxicityrt  and  "hazard" 
.synonymously  when  discussing  pesticides.  This 
practice  is'erfoneoursirK^to^  ability 
of  a  compound  to  cause  death  or  injury*  whereas 
hazard  implies  the  likelihood  that  the  compound  will 
cause  death  or  injury  in  a  given  situation.  "Toxicity," 
therefore,  represents  a. fixed  quantity  and  "hazard" 
represents  a  variable  quantity.  For  example,  consider 
sodium  monoflouroacetate  (Compound  1080).  This  is 
an  extremely  deadly  rodenticide  thatJs  capable  of 
causing  death  in  warm-blooded'' mammals  when 
ingested  in  rather  minutcquantities.  It  is  an  extremely 
toxic  compound' whether  locked  in  a  steel  vault  or 
placed  on  a  kitchen  table  where  small  children  are 
present.  The  toxicity  of  the  compound  does  not  vary. 
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regardless  of  its  location.  However,  when  the  com- 
pound is  left  on  a  kitchen  table  in  the  presence  of 
small  children,  it  presents  an  infinitely  greater 
hazard  than  when  locked  in  asteel  vault.  In  addition  to 
the  hazard  to  human  beings,  the  hazard  to  other 
desirable  animal  and  plant  forms  must  be  considered 
when  selecting  and  applying  pesticides.  This  can  be  a 
complicated  process  due  to  the  fact  that  many 
pesticides  with  a  low  mammalian  toxicity  are 
extremely  toxic  to  cold-blooded  animals  and  vice 
versa.  AIJ  these  hazards  can  be  minimized  or 
eliminated  by  adhering  to  label  instructions  and 
practicing  safety  when  handling  or  applying 
pesticides. 

Determining  and  expressing  LD50  values.  Toxicity 
of  pesticides  js  based  principally  upon  the  results  of 
laboratory  tests  wherein  rats,  mice,  and  rabbits  arc 
exposed  to  carefully  measured  doses  of  pesticides. 
These  animate  are  used  because  their  bodies  function 
much  in  Che  same  way  as  human  bodies.  The  test 
animals  in  the  laboratory  environment  are  carefully 
examined  before  the  test  to  insure  that  all  body 
functions  are  normal  and  that  they  are  healthy 
animals.  The  ultimate  objective  of  these  tests  is  to 
determine  the  amount  of  pesticide  that  is  lethal  to  50 
percent  of  the  test  group  of  animals.  Accurate  results 
reqtiireofjat  aij  animals  in  the  test  group  be  as  nearly 
identical*  biologically  and  physically,  as  possible 
(same  weight.  sex*  age,  etc.), 

(n  conducting  the  tests,  rabbits  weighing  two 
kilograms  Ua  pounds)  are  used.  Only  1  rabbit  at  a 
time  is  used  in  the  beginning.  This  procedure  permits 
the  determination  of  an  approximate  amount  of 
toxicant  required  before  group  testing,  thus  avoiding 
the  needless  killing  of  an  excessive  number  of 
laboratory  animali.  Assumingthat,  during  a  given  test mr 
series,  it  is  determined  that  500  milligrams  of  toxicant 
is  lethal,  but  490  milligrams  is  not  let  hal*  the  group  test 
will  begin  with  10  animals,  each  of  which  will'lrc 
exposed  to  49  J  milligrams  of  toxicant-  If  more  or  less 
than  5  (50  percent)  of  the  animals  die,  another  test  is 
conducted  on  another  group  of  10  animals  with  an 
appropriate  adjustment  in  the  dosage  of  toxicant.  This 
process  is  repeated  until  50  percent  of  a  test  group  is 
killed  by  a  measured  dosage.  Once  the  50  percent 
fatality  test  is  established,  several  more  tests,  using  the 
same  amount  of  toxicant  on  a  different  group  of  10 
animals  each  time,  are  conducted  to  validate  the 
results.  \{  consistent  results  are  obtained  throughout 
thcvalidatiolf  tcsts7theTesuits^re.considered  to  be  an 
accurate  determination  of  the  relative  toxicity  "of  the  — 
.pesticide  being  tested.  This  toxicity  is  expressed  in 
terms  of  milligrams  of  pesticide  per  kilogram  of  body 
weight  that  produces  a  50  percent  kill  of  the  test 
groups.  This  is  figuratively  expressed  as  LD50  (lethal 
dose  for  50  percent  kill  rate).  The  following 
mathematical  process  is  used  to  arrive  at  the  LD50 
value,  assuming  that  492  milligrams  of  toxicant  were 
required  to  kill  50  percent  of  the  test  animate: 


milligrams  of  toxicant  required  to  kill  50% 

Toxidiy  =   ofiMl  animals  

kilograms  of  body  weight  per  animal 

— f  ^ 

LD50  *  246  mgfkg  & 

From  this  test  we  have  determined  that  the  pesticide 
being  tested  has  an  LD50  value  of  246  mg/kg,  but 
what  does  this  mean  in  relation  to  the  hazards 
subjected  to  humans  and  the  environment  in  general? 
Jf  we  analyze  the  test  process*  we  can  readily  seethat 
the  results  are  statistical  quantities  relating  to  a  large 
group  of  test  animals.  Such  results  are  useful  m 
determining  relative  toxicities  of  pesticides  and 
educated  estimates  to  the  effects  on  any  given 
individual  The  only  way  to  determine  the  amount  of 
toxicant  required  to  kill  any  given  individual  is  to 
poison  him  to  the  point  of  death  (an  undesirable 
process),  Thu&,  we  can  accurately  conclude  that  an 
established  LE)50  valuc  is  not  necessarily  required  to 
kill  a  given  individual,  since  varying  physiological 
functions  produce  varying  degrees  of  susceptibility  in 
£ufcrent  individuals,  ; 

Relationship  of  LD50  values  and  pesticide 
classification,  LD50  values  are  useful  in  classifying 
pesticides  into  groups  according  to  their  relative 
toxicities  as  follows:  Highly  toxic  -  Cr-50  mg/kg^ 
moderately  toxic  =  50-500  mg/  kg,  low-order  toxicity 
=  500-5000  mg/kg  and  comparatively  free  from* 
danger  —  5000  +  mg/kg. 

As  you  can  see*  the  lower  the  numbers,  the  more 
toxic  a  pesticide  is.  This  is  because  a  lower  number 
indicates  that  a  smaller  amount  of  toxicant  is  required 
to  cause  death. . 

Toxicity  is  usuaJlv  expressed  in  terms  of  exposure 
routes.  The  two  common  terms  are  "oral  toxicity'* 
which  relates  to  ingestion  of  the  toxicant  by  mouth 
and  **c"ermal  toxicity"  which  relates  to  absorption  of 
the  toxicant  through  the  skin.  Most  pesticides  can  be 
absorbed  through  the  skin.  Dermal  toxicity  values  are 
based  upon  the  quantity  of  toxicant  that  will  kill  50 
percent  of  the  test  animals  when  absorbed  through  the 
tttfabraded  skin.  Oral  and  dermal  toxicities  of  a  given 
toxicant  are  rarely  identical.  Usually,  dermal  exposure 
is  less  hazardous  than  oral  exposure.  However  some 
chemicals  are  almost  as  dangerous  when  left  in  contact 
with  the  skin  as  they  are  when  ingested  and,  in  no  case 
should  any  toxicant  be  left  in  contact  with  the  skin, 
especially  if  jhe  toxicant  is  in  its  concentrated  form. 

The  relationship  bforal^and dermal -LD50  values  of 
pesticides  are  illustrated  in  table  1-2,  — — 

It  is  apparent  that  mankind's  traditional  practice  of 
environmental  exploitation  must  now  be  modified.. 
From  the  beginning  of  time  until  very  recently*  man 
has  pursued  his  socioeconomic  endeavors  on  the 
premise  that  the  earth's  natural  resources  were 
inexhaustible  and  that  the  earthly  environment  was 
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TABLE  1-2 

COMPARISON  OF  ACUTE  ORAL  AND  DERMAL  TOXICITIES 

Acute  Oral  .  Acute  Dermal  \ 

Toxicity  to         4    Toxicity  to 
Female  Rats 
LD50  (Mg/kff) 

1-50  mg/kg 


Female  Bats 
LDS0  (Mg/kg) 


HIGHLY  TOXIC  INSECTICIDES  -  Acute  oral  toxicity  to  rats 


ethyl  parattuon 
dioxathion  (Delnav) 
methyl  parathion 
dieldrin 


3.6 
23 
24 
46 


6.3 
63 
67 
60- 


MODERATELY  TOXIC  INSECTICIDES  -  Acute  oral  toxicity  to  rats  -  50-500  mg/kg 

"dichloryos  (DDVP,  Vapona) 
toxaphene 

chlorpyrifos  (Dursban) 
propoxor  CBaygon) 
lindane 
Paris  green 
DDT 

chlordecone  (Kepone) 
fenthion  CBaytex>  Entex) 
dimethoate  (Cygon) 
heptachlor 

diazinon  -  ■ 

oaled  (Dibrom)  ^~ 
chlordane 

LOW -ORDER  TOXICITY  INSECTICIDES  -  Acute  oral  toxicity  to  rats  -  500-5000  mgAg 


56 

75 

80 

780 

82  , 

202 

86 

2400 

91 

900 

100 

2400 

118 

2510 

125 

2000 

245 

330 

245  , 

610 

162 

250 

285 

455 

250+ 

800-f- 

430 

690 

carbaryl  (Sevtn) 
trichlorfon  (Dipterex). 
malathion 
rabon  (Gardona) 
ronnel  (Korlan) 
Mirex  " 


500 
560 
1000 
1125 
2630 
3000 


4000 
2000 
4444 
4000 
5000 
2000 


INSECTICIDES  COMPARATIVELY  FREE  FROM  DANGER  -  Acute  oral  toxicity  to  rats 

5000+  mg/kg 


methoxychlor 
Abate 


6000 
13,000 


indestructible  and,  in  fact,  inalterable  at  the  hands  of 
man.  Now.  largely  due  to  the  burgeoning  world 
population  and  rapidly  advancing  industrialization, 
we  have  been  compelled  to  face  the  stark  reality  of 
natural  resource  depletion  and  increasingly  harmful 
environmental  pollution. 

This  text  h£s  discussed  the  interdependence  of  all 
elements*  living  and  nonliving*  in  our  environment. 
Human  beings  are  an  integral  part  of  this  environment 
and  are  just  as  dependent  on  the  other  elements  of  the 
environment  as  any  other  organism.  Therefore,  in 
order  to  insure  our  own  continued  existence  and  state 


6000 
4000 

of  well-being,  we  must  not  commit  acts  that  could 
ultimately  result  in  the  destruction  of  any  essential 
element  of  our  environment. 

We,  as  pest  managers,  have  a  great  responsibility 
resting  on  our  shoulders.  As  you  have  seen,  pesticides 
are  an  essential  tool  in  the  control  of  medically  and 
economically  important  pests*  and  will  remain  so  for 
the  foreseeable  future.  It  has  been  ^demonstrated,  on 
the  other  hand ,  thaCthe  improper  and  indiscriminate 
use  of  pesticides  can  exert  a  very  destructive  influence 
on  our  environment.  It  is  our  responsibility  to  use 
pesticides  only  to  the  extent  necessary  and  to  insure 
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that  we  use  them  in  such  a  way  as  to  prevent 
unnecessary  deleterious  effects  on  the  environment. 
We  must  mak&  the  greatest  possible  use  of 
nonchemical  methods  to  manage  pest  populations. 


5.   Briefly  explain  the  method  fox  determining  the 
relative  toxicity  of  a  pesticide. 


Exercises  (427): 
1_-  Define  hazard. 


6.    What  is .  the  primary  difference  between  oral 
toxicity  and  dermal  toxicity? 


2,    Define  toxicity. 


3.   Explain  what  the  term  *LD5(T  means. 


7.   Dermal  exposure  is  usually 


(more/ less)  hazardous  than  oral  exposure. 


4.    The  toxicity  range  for  moderately  toxic  pesticides 
is  to  mg/kg, 


8.    Paris  green  is  :  toxic  upon  oral 

exposure  but  is  considered  to  pea     toxic 

compound  upon  dermal  exposure. 


\ 


/ 
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CHAPTER  2. 


Pesticide  Dispersal  Equipment 


SINCE  1940^  THE  control  of  insects  has  been 
revolutionized  by  two  outstanding  developments; 
first,  the  production  of  phenomenally  effective 
pesticides  such  as  the  chlorinated  hydrocarbons, 
organophosphates,  and  carbamates,  and  second,  the 
parallel  development  of  new  types  of  pesticide 
equipment.  Many  types  of  application  equipment, 
such  as  the  ultra-low  volume  insecticide"  general  ors, 
have  become  available  only  during  the  past  several 
years,  so  that  pest  managers  need  to  examine  their 
current  needs  to  profit  from  the  new  developments 

Hundreds  of  different  kinds  of  sprayers,  dusters, 
aerosol  generators,  and  other  devices  have  been 
designed,  manufactured,  and  marketed.  The  selection 
of  the  best  equipment  for  a  pest  management  program 
is  of  great  importance  since  ' pesticide  application 
problems  may  seriously  affect  a  program.  The  safe  and 
efficient  dispersal  of^pesticides  to  control  insects  and 
other  arthropods  anecting  health,  morale,  and  the 
economy,  requires  a  knowledge  of  pesticide 
application  equipment  and  training  in  the  method  of 
applying  these  pesticides. 

This  chapter  identifies  and  describes  the  uses  of 
equipment  utilized  by  Air  Force  pest  managers; 
outlines  operational  and  maintenance  responsibilities 
and  procedures;  and  describes  the  methods  used  for 
regulating  dispersal  rates  and  calibrating  pesticide 
dispersal  equipment. 

2*1.  Types  and  Uses  of  Equipment 

A  certain  item  of  equipment  can  be  used  in  several 
different  types  of  pest  management  programs. 
-  However,  there  is  usually  one  item  of  equipment  that 
will  be  more  efficient  and  safe  for  particular  program 
than  other  types  of  equipment.  The  purpose  Of  this 
section  is  to  provide  you  with  the  basis  for  selecting 
pesticide  dispersal  equipment  and  help  you  to  identify 
the  -  various  types  and  uses  of  pesticide  dispersal 
equipment  commonly  \  used  in  Air  Force  <  pest 
management  programs. 

42$.  Identify  factors  that  are  involved  in  selecting  pest 
management  equipment,  *. 


Basis  for  Selecting  Equipment.  Before  the  actual 
selection  of  pest  management  equipment,  you  must 
consider  all  the  factors  that  are  outlined  in  Volume  2, 
Chapter,  X  objectives  220,  222  through  226;  and 
objectives  416,  422, 424,  and  425  in  Chapter  1  of  this 
volume. 

Following  the  reveiw  of  these  objectives,  it  is 
obvious  that  there  are  many  factors  that  must  be 
considered  in  selecting  equipment;  and  yet,  there  are 
mot 

tie  remaining  factors  that  are  used  as  basis  for 
selecting  equipment  are  dependent  upon: 

•  Availability. 

'  •  Effectiveness. 

•  Safeness. 

•  Cost. 

•  Durability  of  the  equipment. 

AvailubUiiy,  When  selecting  equipment  to  be  used 
for  a  particular  pest  management  situation,  the 
selection  should  be  based  upon  the  equipment  that  is 
presently  available,  providing  it  will  do  tbc  job 
effectively  and  safely.  However,  there  may  be  some 
pest  management  situations  that  will  require  special 
equipment  for  treatment.  In  this  case,  you  should 
check  the  Table  of  Allowance  (T  A  489,  Pan  Q  to  see  if 
the  equipment  desired  is  listed  and  authorized  for  y^ur 
section.  Whether  the  equipment  is  authorized  or.not, 
you  must  prepare  and  submit  sufficient  justification  as 
to  why  this  equipment  is  required. 

Effectiveness,  This  one  of  the,  primary  factors  that 
must  be  considered  when  selecting  equipment  Thje 
equipment  selected  must  be  the  most  effective  for 
accomplishing  the  job  that  is  required"  and  it  must  be 
the  safest. 

If  the  equipment  required  is  not  presently  available 
and  you  desire  to  obtain  it,  you  must  consider  the 
frequency  of  required  use  and  the  effectiveness  and 
safeness  of  the  equipment  to  be  used  in  other  pest  * 
management  programs.  After  these  facts  have  been 
considered  and  you  are  convinced  that  this  equipment' 
is  necessary,  you  must  prepare  and  submit  sufficient 
justification  to  convince  the  ^higher  levels  of 
management. 
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Safeness.  Thisis  the  most  important  factor  to  be 
considered  when  selecting  equipment  for  pest 
management  programs.  Regardless  of  hour  effective 
the  equipment  migHt  be  for  a  pest  management 
situation,  if  it  is  unsafe*  do  not  use  it. 

Cost.  With  today's  austere  operational  budget,  it  Is  . 
essential  that  the  cost  of  the  equipment  be  considered 
when  selecting  equipment  to  be  purchased*  The 
equipment  that  you  select  should  be  low  in  cost 
initially  and  should  be  cheap  to  maintain. 

Durability.  Durability  is  one  of  the  factors  that 
should  be  Considered  when  considering  the  total  cost 
of  the  equipment.  An  item  of  equipment  may  have  a 
low  purchase  price  which  would  be  low  in  cost 
initially,  but  if  the  equipment  is  not  durable,  the 
overall  cost  may  be  great  due  to  the  expenditures 
incurred  for  maintenance  or  possibly  havingto  replace 
it. 

Remember,  the  effective  use  of  pesticides  depends 
upon  the  availability  of  efficient  and  durable  dispersal 
equipment.  When  asked  to  select  equipment,  you 
should  select  it  on  the  basis  of  its  being  the  most 
effective  and  the  safest  for  the  job  to  be  accomplished. 

Exercises  (428): 

1.    Why  is  the  identification  of  the  type  of  pest 
important  in  selecting  control  equipment? 


2.    Describe  the  effects  that  environmental  condr 
tions  may  have  on  the  selection  ofjequipment. 


3.    The  equipmem  you  select  must  be  the  mosi 

  for  accomplishing  the  job  that  is 

requiredrand  it  also  must  be  


4.  Vour  selection  should  be  based  on  that  which  is 
presently  and  provided  that  it 
will  do  the  job  and  *  


5.   The  most  important  factor  to  consider  in  selecting 
*   equipment   is  that  the  equipment  must  be 


6.    The  equipment  you  select  should  be  low  in 

 initially  and  should  be  

to  maintain. 


427.  Match  listed  items  of  manual  sprayers  w 
uses  tftat  are  described- 

.  Types  and  Uses  of  Manual  Sprayers.  Now  that  you 
are  aware  of  the  many  factors  that  must  be  considered 
when  selecting  equipment,  you  must  know  the  types 
and  uses  of  manual  sprayers  that  are  available  for  use 
in  implementing  safe  and  effective  pest  management 
programs. 

Generally  speaking,  there  are  four  manually 
operated  sprayers  that  are  commonly  used  in  Air 
Force  pest  management  programs.  There  are 
compressed  air  sprayers,  aerosol  dispensers,  siphon 
atomizers,  and  pistol  sprayers.  There  are  three  other 
types  of  manual  sprayers  that  are  commonly  used 
within  and  around  the  home  that  you  should  be 
familiar  with.  These  are  knapsack  sprayers,  trombone 
sprayers,  and  garden  hose  sprayers.  . 

Compressed  air  sprayers.  This  item  of  equipment 
(fig.  2-1}  is  the  mainstay  of  most  pest  management 
programs.  It  is  used  particularly  to  apply  residual 
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Figure  2-1.  Compressed  air  sprayer  i  typical). 


If  the  equipment  is  not  :  the  overall 

cost  may  be  great. 
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sprays  for  mosquito,  fly,  and  flea  control;  larvicides 
for  mosquito  and  fly  control;  spot  treatments  and 
crack  crevice  treatments  for  cockroaches,  ants,"  ticks, 
and  many  other  types  of  household  insects;  and  small 
area  treatments  outside  to  control  fleas,  ticks,  and 
other  pest  species.  Much  care  must  be  taken  in 
selecting  high  quality  equipment. 

Aerosol  dispensers.  The  aerosol  dispenser  "bug 
bomb"  is  more  widely  used  by  the  genera]  public  than 
any  other  type  of  pesticide  applicator. 

There  are  two  basic  types  of  aerosol  dispensers:  the 
first  being  a  small  low-pressure,  disposable  dispenser 
(fig,  2*2)  that  is  used  in  the  average  household  and  the 
second  being  a  larger,  high-pressure,  refillable 
dispenser  ffig.  2-3)  ihat  is  used  by  many  professional 
pest  managers.  Both  types  are  used  as  space  sprays  for 
killing  flying  insects  and  to  flush  pests  from  harborage 
areas. 

One  of  the  most  common  types  of  aerosol 
dispensers  for  Hies  and  mosquitoes  contains 
pyrethrurn,  allethrin,  or  synthetic  pyrethmm  for  quick 
knockdown,  a  synergist  such  as  piperonyl  butoxide, 
and  a  synthetic  insecticide, such  as  methoxychlor  for 
the  kill.  Other  aerosol  dispensers  contain  different 
chemicals  to  kill  cockroaches,  ants,  and  other 
household  insects*  One  bqmb-,  manufactured  to 
throw  a  fine  stream  for  10  to  20  feet,  is  used  to  spray 
nests  of  stinging  insects  such  as  wasps  and  hornets 
from  a  safe  distance. 

v  Siphon  atomizers.  The  siphon  atomizer  or  Jlit  gun. 
is  a  familiar  household  item.  There  are  two  types  of 
siphon  atomizers,  oz.z  Type  being  an  intermittent 
atomizer  withom-an  interchangeable  nozzle  and  the 
other  type  being  a  continuous  atomizer  with  an 
interchangeable  nozzle. 


Figure  2-3.  Aerosol  disperse  (large),  * 

As  a  general  rule,  these  sprayers  are  designed  to' 
control  flying  insects,  particularly  flies  and 
mosquitoes.  In  recent  years*  aerosol  dispensers  have 
practically  supplanted  this  type  of  sprayer.  Pneumatic, 
paint  sprayers  operate  on  the  same  basic  principle  as 
xhzjlit  gunt  but  are  powered  by  an  electric  or  gasoline 
motor.  They  are  sometimes  used  for  space  spraying  in 
larger  buildings  where  hand  equipments  inadequate. 

Pistol  sprayers.  The  pistol  sprayer  (fig.  2-4)  is  much 
like  the  gun  used  for  oiling  automobile  springs.  A  One, 
solid  stream  of  pesticide  is  produced  by  pulling  the 
trigger  on  the  gun.  It  is  especially  valuable  when  small 
amounts  of  solution  or  emulsion  need  to  be  applied  to" 
cracks  and  crevices  in  bui'dings  for  cockroach  and  ant 
control.  Pistol  sprayers  are  especially  designed  to 
resist  corrosive  chenucals^Aplasticcontatnefh^been 
used  to  apply  small  amounts  of  insecticide  to 
collections  of  water  in  small  containers,  such  as  tin 
cans,  saucers  under  flower  pots*  old  ttreS;  or  water 
drurns.  They  were  used  extensively  on  the  Aedes 
aegyptf  eradication-program  and  may  play  a  part  in 
many  urban  mo  "lito  control  programs. 

Knapsack  sprayers.*  Knapsack  sprayers  arc  used 
chiefly  in  treatment  of  small  gardens,  and  to  a  lesser 
extent  for  mosquito  la  nodding  in  very  swampy  areas 
where  it  is  difficult  to  pump  up  a  compressed  air 
sprayer.  Adjustable  nozzles'  are  usually  standard 
equipment  on  these  sprayers. 

Trombone  sprayers*  Some  trombone  sprayers  can 
spray  a  stream  of  pesticide  20  to  30  feet  vertically. 
Trombone  sprayers  used  around  buildings  usually 
have  the  insecticide  in  a  pail,  as  shown  in  figure  2-5! 
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while  other  types  used  in  mosquito  laraciding  have  the. 
pesticide  in  a  tank  carried  on  the  back  of  the  pest 
controller.. 

Garden  hose sprayers. Although  the  primary  use  of 
the;  garden  sprayer  (fig  2-6)  is  for  garden,  lawn,  and 
shrubbery  insects,  it  can  be  used  to  control  fleas,  ticks, 
and  chiggers  in  yards,  or  to  apply  residual  insecticides 
near  the  base  of  buildings  to  keep  out  insects  such  as 
cockroaches,  earwigs*  or  mites.  Although  this  type  of 
sprayer  is  very  useful  for  many  householders,  it  is 
limited  to  the  area  that  can  be  reached  with  the  garden 
hose. 


Figure        Pistol  sprayer  fCy pica  1).. 

> 

Exercises  (429): 

Match  the  Use  of  applicator  incotumn  A  with  manual 
applicators  jn  column  B. 

Column  A  Ccfamn  B 

Use  of  Applicators  Applicators  e 

  ].  Uwd  around  buildings  wiiti     a.  Compressed  air 

insecticide  in  a  paiL  sprayers, 

 .  Z  Used    for  .applying   small     b.  Aerosol  dispensers 

amounts  of  solution  10  cracks     e.  Syphon  atomizers, 
and  crevices  in  building  for     d.  PEstoisprayeis, 
cockroaches  and  ant  control.  _  c.  Knapsack  sprayers. 

 3.  Used  10  apply  residual  sprays     f.   Trombone  sprayers 

for  mosquito,  fly.  and  flea     g.  Garden  hose 
control  sprayicrs. 

 „  4,  Primarily  used  for  garden. 

lawrt  and  shrubbery  insects: 

 5.  Used  for  treatment  of  small 

gardens.  1 

 6.  Designed  10  comcol  flying  ■  -  -*  ■ 

insects, 

  7,  Mosl    frequently   used   for  '  ' 

sprav  application  in  house- 
hold*. 

430,  Match  listed  items  of  manual  dusters  with  the/ 
uses  that  are  describe^-  " 

Types  and  'Uses  of  Manual-  Dusters.  There  are 
several  cypes^aiKl  variations  of  manual  dusters,  bu: 
only  seven  will  be  described ,in  this  objective.  You  must" 
be  capable  of  recognizing  these  items  of  equipment 
and  'be  knowledgeable  of  their  -uses  because  they  will 
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Figure  2-1  Trombone  sprayer  (typical), 

be  referred  to  quite  often  in  day-to-day  Air  Force  pest 
management  programs  and .  pest  management 
literal  u  re.  "  / 

Handshakers.  The  hand  shaker  (fig.  2-7)  is  ideal/or 
placing  pesticides  on  high  or  difficult-to-reach  areas. 
A  large  shaker  which  holds  9  pounds  of  insccficzdal 
dust-  has  been  used  for  dusting  exposed  rat  runs  along 
the  base  of  walls  and  foundations  to  IdU  rat 
ectoparasites  such  as  the  oriental  rax  fleas  which 
transmits  organisms  that  cause  plague  and  murine 
typhus.  Small  U  or  2-pound  shakers  may  be  used  for 
dusting  rat  runs  not  accessible  £0  the  large  shaker. 

Hand  bellows.  This  duster  (fig.  2-8)  is  used  where 
careful  placement  and  neatness  are  essential,  dusting 
crevices  where  cockroaches  and  siiverfish  hkie,  or 
placing  a  small  amount  of  anticoagulant  dust  in  voids 
for  mouse  control.  • 

Bulb  dusiers.  The  bulb  duster  (fig.  2-9)  is  also 
designed  for  careful  indoor  dusting  operations.  Its 
uses  are  basically  the. same  as  the  hand  bellows,  but 
some  operators  prefer  the  buib' duster  as  opposed  to 
the  hand  bellows,  -  "  . 


v  Figure  2-f>.  Garden  hose  sprayer  flypicsl). 
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Figure  2p7,  Hand  shaker  (typical). 

Hand  plunger  dusters.  The  band  plu  age  r  duster  (fig. 
2-10)  is  suitable  for  applying  patches  of  rnalathion  and 
carbaryl  dust  outdoors  or  in  outbuildings  for  rodent 
ectoparasite  "control  This  duster  can  also  be  used  to 
apply  pesticides  to  control  many  other  types  of  pests 
such  as  chiggcrs,  mites,  and  ticks. 

Rotary  hand  dusters.  The  rotary  hand  dustcr(fig.  2-J 
II)  is  Dscd  effectively  for  applying  pesticides  for 
controlling  fleas,  ticks,  and  other  ectoparasites  around 
premises,  -  arid  for  applying  dusts  as  mosquito 
larvjcides.  Most  rotary  hand  dusters  are  sold  with  a 
fan-shaped  tip  to  give  a  broad  band  of  dust  for 
mosquito  larviciding  or  for  area  treatment  in  flea,  tick, 
or  chigger  controL 

root  pump  dusters.  The  foot  pump  dustcr(fig.  2-12) 
is  designed  for  applying  calcium  cyanide  to  rat 
burrows  xo  kill  both-rats  and  rat  ectoparasites.  This 
equipment  is  useful  for  applying  dust  to  rodent 
burrows  and  other  inclosed  harborages. 


Granular  spreaders.  There  arc  two  basic  types  of 
spreaders  commonly  used  in-y  Air  Force  pest 
management  programs;  one  is  known  as  the  grass 
seeder  (fig,  2-13),  and  the  other  is*  a  push  type  fertilizer 
spreader.  Both  "types  can  be  used,  effectively  in 
applying  pesticide  granules  over  small  outdoor  areas 
-to  control  many  insect  larvae  and  pest  vegetation. 
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Figure  2-9.  Butb  duster  (typical). 


E  xeroses  (430): ' 

Match  the,  use  of  dusters  in  column  A  with  the  type  of 
manual  dusters  in  column  B. 


Column  A 
Use  of  Manual  Dusters 


I.  Used  cftc lively in controlling 
fleas  and  ticks  around  pre- ' 
uibes  and  dust  for  Urviddc 

2*  Jdstf  ior  placing  pesticides 
on  high  or  difficult-to- 
reach  areas.  » 

3.  Used  outdoors  to  distribute 
pesticides  to  control  insect 
larvae  and  pest  vegetation. 

4.  Used  when  careful  place- 
ment  and   neatness  are 

'essential. 

5.  Used  io  apply  calcium 
cyanide  10  (at  burrows. 

6.  Suitable  forapplying 
patches  of  malathion  and 
carbaryl  dust  outdoors  or  in 
outbuildings. 

7.  Designed  for  careful  indoor 
dusting  operation. 


Column  3 
Manual  Dusters 

a*  Hand  shakers. 

b.  Hand  bellows. 

c.  Bulb  dusters. 

d.  Hand  plunger 
-  dusters. 

e.  Rotary  hand  dusters. 

f.  Font  pump  dusters. 

g.  GtTtnulzr  spread  eri. 
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Figure  I-i*  Hand  be)to\n  (typical). 


Figure  2-!0.  Hand  plunger  buster  [typical). 
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Figure  2»!1.  Rotary  hand  duster  (typical). 


431.  Match  listed  items  of  portable  "powered 
equipment  with  the  uses  that  are  described. 

Types  and  Uses  of  Powered  Equipmemv(Portable). 
Portable  powered  equipment  has  improved  pest 
management  programs  tremendously,  because  it  has 
permitted  access  to  areas  that  were  not  accessible  with' 
larger  items  of  equipment  and  at  the  same  time*  has 
reduced  the  amount  of  rime^required  for  treatment. 
These  items  of  equipment,  along  with  their  common 
uses,  will  be  identified  ivirh  this  objective.  For  text 
purposes,  the  term  "portable"  applies  to  items  of 
equipment  that  can  be  carried  easily  from  one  place  to 
another  by  one  or  two  individuals. 

Backpack  misi-dusr  blowers.  The  backpack  mist- 
dust  blower  (fig.  2*14)  is  very  light  in  weight  and  can 
easily  be  carried  by  one  individual.  Many  models  of 
this  equipment  can  be  used  to  apply  liquids,  dusts,  and 
granules.  This  item  of  equipment  is  very  useful  in 


Figure  2-12,  Foot  pump  duster  riypjcah. 


'  applying  pesticides  to  Small  outdoor  areas  and  areas 
-that  arc  inaccessible  by  larger  mist-dust  blowers.  This 
equipment  can  be  used  for  applying  residuals  to  trees, 
shrubs,  and  grasses  for  controlling  pests  of  vegetation, 
ants,  earwigs*  and  ectoparasites  such  as  fleas,  lice, 
ticks,  and  mites.  The  backpack  mist-dust  blower  is 
also  used  in  larviciding  programs  for  mosquitoes,  flies, 
and  beetles  and  can  be  used  to  treat  exterior  surfaces  of 
buildings  to  control  flying  insects  such  as  flies* 
mosquitoes,  wasps,  and  hornets,  and  to  control 
spiders. 


Figure  2*13.  Granular  spreader  ftypieal). 

Hand-carried  thermal  fog  generators.  This  item  of 
equipment  is  designed  to  disperse  only  solution 
formulations  and  is  used  primarily  for  small  localized 
outdoor  space  treatments  to  control  flying  insects,  a 

y  typical  hand-carrier  thermal  fog  generator  is 
illustrated  in  figure  2-15. 

Hand-carried \ultra-hw  voiume  generators  (ULV). 

;  This  hand-carried  ultra-low  volume  generator  (fig.  2- 
16)  is  primarily  designed  to  disperse  technical  grade  or 
very  highly  concentrated  pesticide  formulations.  This 
item  of  equipment  can  be  used  for  spa  ^treatments 
and  residual  treatments  of  Small  indoor  and  outdoor ' 
areas.  Its  principal  use  outdoors  is  for  mosquito 
adultiriding  programs  and  its  principal  use  indoors  is 

'for  controlling  structural  pests.^ 
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Frame^mounted  hydraulic  spr&yers.  This  type  of, 
equipment  is  designed  to  disperse  emulsion  and 
solution  formulations  as  sprays.  This  frame-mounted 
hydraulic  sprayer  (fig.  2-17)  is  not  efficient  for 
dispersing  suspension  formulations  because  it  does 
not  have  an  adequate  agitator  for  suspensions.  Due  to 
its  versatility  and  ease  in  handling  and 
maneuverability,  it  is, probably  used  more  often  than 
any  othertype  of  powered  equipment  ia  normal  day- 
today  pest  management  operations.  This  item  of 
equipment  is  especially  useful  in  soil  poisoning 
operations  for  controlling  termites;  applying  residuals 
to  trees,  shrubs,  and  grasses  for  controlling  pests  of 
vegetation  and  ectoparasites:  applying  residuals  to 
exterior  surfaces  of  buildings  and  beneath  them  to 
disease  vectors  and  venomous  arthropods;  applying 
herbicides  to  control  pest  vegetation:  and  applying 
.iarvicides  to  soil  andwater  areas  for  controlling  beetle, 
ilyT  and  mosquito  larvae. 

Exercise*  (431): 

Match  uses  in  column  A  with  the  type  of  equipment  in 
column  B. 


'V 


Figure  2-lS.  Hand-cat  »ied  thrnnaJ  fog  generator  (tvpical). 


Column  A 
Uses 

Designed  todispersetechnical 
grade  or  highly  concentrated 
rormtiUuons. 

Designed   to  disperse  only 
&oluuon  formulation. 
Designed   to  disperse 
emulsions   and  solution 
formula  lions. 

Lightweight  unit  for 
diipersal  of  dusts. 


Column  B 
Type  of  Equipmeni 

:  Backpack  mtst-dust 

blowers. 
,  Hand -earned 

thermal  fog 

generators* 

Hand-carrier  ultra* 

low  volume 

generator. 
.  Frarac-mounicd  * 

hydraulic  sprayers. 


figure  >M   Backpack  miM-Juit  blower  rtvpicaU. 


432.  Match  listed  items  of  nonportable  powered 
equipment  with  the  uses  that  are  described. 

Types  and  Uses  of  Powered  Equipment 
(Nonportable),  Nonportable  powered  equipment  as 
described  in  this  text  is  equipment  that  must  be 
transported  by  some  type  of  vehicle  due  to  the  weight 
or  awkwardness  of  the  equipment  The  types  of 
nonportable  powered  equipment  axe  as  varied  as  the 
portable  powered  equipment,  Although  the  designed 
uses  for  each  type  are  basically  the  same,  the 
nonportable  equipment  isJ  designed  for  treating  larger 
areas  in  a  very  shon  time.  , 
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Figure  2-16.  HaQd-ea.rrted  ULV  generator  {typical}. 

Nonportable  mis:-du$t-bhwers*._  This  type  of 
powered  equipment  is  manufactured  in  rnany  forms- 
for  different  pest  management  programs*  Some  are 
designed  to  be  mounted  On,  trailers  and  others  for 
trucks  of  various  sizes;  some  are  designed  to  rotate  on 
a  rail  base,  and  others  that  are  mounted  on  a  fixed 
base* 

This  item  of  equipment  can  disperse  liquid,  dust* 
and  granule  formulations  and  is  used  for  treating  large 
outdoor  areas  by  applying  pesticidai  mists  and  dusts  to 
trees,  shrubs,  and  grasses  for  controlling  pests  that 
attack  vegetation  and  the  ones  that  harbor  in 
vegetation.  The  nonportable  mist-dust  blower  (fig*  2- 
IS)  is  also  used  for  applying  residual  mist  to  exterior 


surfaces  of  buildings  for  controlling  adult  flying 
insects,  and  venomous  arthropods*  and-for  applying 
larvicidts  to  turf  and  water  for  controlling  beetle,  fry, 
and  mosquito  larvae. 

Trailer-mourned  hydraulic  sprayers.  The  trailer 
mounted  hydraulic  sprayeris  used  to  apply  all  types  of 
liquid  formulations  as  sprays.  There  are  two  basic 
types  of  this  sprayer.  One  is  the  boomless  sprayer  and 
the  other,  is  the  boom,  sprayer,  however,  some  arc 
designed  to  be  used  either  way,  as  illustrated  in  figure 
2-19, 

cl  Boomless  hydraulic  sprayer  The  boomless 
hydraulic  sprayer  is  designed  to  disperse  pesticides 
through  a  single  nozzle  and  is  used  for  applying 
residual  sprays  to  trees  and  shrubs  for  controlling 
pests  of  vegetation;  applying  residuals  to  buildings, 
.refuse  containers,  and  sanitary  landfills  for  controlling 
flies  and- mosqufroes^apjrfying  larvicides  to  fly  and 
mosqui  to  breeding  areas;  applying  herbicides  as  spot 
treatments  for  controlling  pest  vegetation  around  sign 
posts,  utility  poles,  storm  drains,  and  gutters;  in  cracks 
of  sidewalKs  and  streets*  and  in  improved  turf  areas. 
The  boomless  hydraulic  sprayers  are  also  used  to 
apply  herbicides  inditchbank,  irrigation  and  drainage 
system*;  basal-bark,  stump,  and  fence-row  treatments. 

b.  Boom  hydraulic  sprayer.  The  boom  hydraulic 
sprayer  is  designed  to  disperse  pesticides  through 
several  nozzles  that  are  contained  in  the  boom,  This 
allows  the  pesticide  to  be  applied  at  an  even  rate  over  a 


"f.f 
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Figure  2-17.  Frame-mounted  hydraulic  sprayer  (typical). 
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wide  area  of  soil  and  turf  in  a  single  swath.  This  t 
hydraulic  sprayer  is  used  Lrr  soil  poisoning  treatments 
in  the  prevention  of  termite  infestations  and  seed 
germination,  ft  is  also  used  to  apply  pesticides  over 
turf  and  grass  areas  to  control  larva  and  adult  pests  of 
vegetation,  fly  larvae,  and- existing  pest  vegetation. 

Nonportable  thermal  fog  general  or  j-  Th  c 
nonportable  thermal  fog  generator  {fig.  2-20)  breaks 
up  the  insecticide  into  an  aerosol  by  me^ns  of  hot 
exhaust  gases.  This  item  of  equipment  is  used  in  space 
treatment   programs   to    control    flying  insects* 
especially  mosquitoes,  in  large  outdoor  areas'  Ir  is 
especially  advantageous  for  use  in  areas  where  wide 
swath*  must  be  relied  upon  to  kill  flyin  g  insects  several  I 
hundred  feet  away*  A  solution  formulation  is  the  only  ? 
type  of  formulation  that  can  be  dispersed  with  this' 
equipment,  j 

Nonportable  mechanical  aerosol  generators*  The' 
nonportable  aerosol  generator  (fig.  2-21)  produces  an 
aerosol  that  is  similar  to  a  fog  by  means  of  the* 
insecticide  being  forced  by  a  large  volume  of  air 
through  special  nozzles.  This  type  of  equipment  is 
designed  to  disperse  both  solution  and  emulsion 
formulations  for  space  treatment  programstocoutrol 
flying  insects,  especially  mosquitoes.  Due.  to  its 
capability  of  producing  an  aerosol  similar  to  a  fog 
without  being  thermally  produced*  it  is  often  referred 
to  as  a  "cold  foggcr.*1  I 

The  advantages  of  this  item  of  equipment  \  as 
compared  to  the  nonportable  thermal  fog  generator 
are  that  there  is  no  visible  cloud  of  insecticide  to  create 
traffic  hazards,  there  is  no  heat  applied  to  cause 
thermal  breakdown  of  the  insecticide /and  emulsions 
can  be  used  as  effectively  as  solution  which  cpuld 
result  (in  a  savings,  of  solvent  costs,  } 

Nonportable  uhra-low  volume  generators  (ULVs). 
During  the  past  several  years,  thrc  has  been  a  rapid 
and  dramatic  increase  in  the  use  of  undiluted 
insecticides  applied  at  extremely  low  dosage  to  control 
insects-of  medical  and  economical  importance  ^vhich 
employs  the  use  of  a  ULV  generator  i 
a  The  nonportable  ultra-low  volume  generator  j(fig.  2- 
22)  may  replace  or  supplement  the  use  of  thermal  and 
cold  fog  generators  in  years  to  come-.  J 

In  the  ULV  method  of  application*  the  technical 
insecticide  is  atomized  into  millions  bf  tiny  droplets* 
the  majority  varying^  from  5  ro  50  microns  (from 
I  /  5000  to  I  /  500  of  an  inch}  in  diameter,  and  dispersed 
evenly  over  the  Created  area-  This  technique  has 
resulted  in  substantial  savings  in  money  and  time  due. 
to  the  reduced  amounts  of  insecticide  thai  are  required  . 
and  eliminating  the  diluent,  mixing*  and  transport  of 
larger  volumes  of  diluted  formulations. 

It  is  reported  that  ULV  generators  which  disperse 
cofd  aerosols  are  more  effective  against  adult 
mosquitoes  than  the  thermal  fog  generators  which 
disperse  thermal  aerosols.  ULV  applications 
frequently  use  less  insecticide  per  acre  treated  Chan  do 
cold  or  thermal  foggers  or  misiers,  resulting  in  savings 
in  insecticide  cost,  elimination  of  diluents,  and  time  for. 


Figure  2-20.  Nonportable  thermal  fog  generator  {typical). 


loading  or  travel  of  equipment.  Other  advantages  of 
ULV  aerosols  are  that  they  do  not  produce  dense 
fogs — as  do  thermal  fogs,— that  constitute  a  traffic 
hazard  and  might  result  in  deaths  of  children  running 
or  bicycling  into  the  fog.  The  nonportable  ULV 
generator  is  relatively  small.  Its  insecticide  tank  is 
usually  of  the  5  to  10  gallon  size,  and  it  is  usually 
mounted  on  a  small  vehicle  such  as  a  1  /2-ton  pickup 
truck.  By  contrast,  the  nonportable  thermal  fog 
generator  as  well  as  the  nonportable  aerosol  general  or 
is  much  larger  and  heavier;  its  insecticide  tank. may 
contain  25  to  200  gallons  or  more,  and  it  is  usually 
mounted  on  a  larger  vehicle*  such  as  a  1-  to  3-ton 
I  ruck. 

On  ihe  other  hand.  ULV  applications  may  be  Jess 
effective  than  thermal  fogs  in  heavy  vegetation.  In 
some  areas,  car  spotting,  or  damage*to  automobile 
finishes*  has  occurred  because  of  the  corrosive 
properties  of  some  of  the  insecticides,  but  generally 
only  when  large  droplets  (greater -than  100  microns, 
the  diameter  of  a  human  hair)  are  present  in  the  spray. 
Greater  care  must  be  taken  in  handling  the 
concentrated  or  technical  insecticides  used  inthe  ULV 
method  because  of  increased  degree  of  exposure  to 
toxic  concentrations  of  the  chemical*  particularly  by 
spillage  during  loading  operations,  than  with  the 
diluted  fuel  oil  formulation  used  in  the  thermal  foggers 
and  cold  foggers. 

Another  type  of  ULV  dispersal  equipment,  similar 
ro  the  onp  illustrated  in  figure  2-23,  is  authorized  for 
use  in  large'  warehouses  and  storage  areas  in  treating 
for  stored  products  pests. 
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Figure  2-2 L  Nonportable  mechanical  aerosol  generator  (typical). 


Exercises  (432): 

Match  uses  in  column  A  with  powered  equipment  in 
column  B. 


Column  A 
Uses 


2, 


Used  to  apply  pesticide  over  a 
wide  area  at  an  even  rate. 
Used  to  apply  undiluted 
insecticides  at  extremely  low 
dosage 

3.  Used  to  apply  mists  and  dust 
to  trees,  shrubs,  and  grass, 

A,  Used  to  apply  liquid 
term  illations  through  s«V£Je 
nozzle. 

5.  Used  to  disperse  solution 
or  emulsion  formulation  for 
space  treatment  to  control 
Jiving  insects. 

b.  Used  to  break  up  insecticides 
by  hoi  exhaust  gases. 


Column  B 
Powered  Equipment 

,  Nonportable  mtst- 

.  dust  blowers, ' 
k  Boomless  hydraulic 

sprayer 
.  Boom  hydraulic 

sprayer 
I,  NonportabletheYmal 

Tog  generators. 
.  Nonportable 

mechanical  aerosol 

generators. 
.   Nonportable  ultra- 

low  volume  genera- 

iojs(ULV)l 


4331  Specify  the  types  and  uses  of  fumigation 
equipment  and  supplies. 


Types  and  Uses  of  !  Fumigation  Equipment  and 
Supplies.  There  are  many  items  of  equipment  and 
supplies  that  are  required  for  fumigation  programs. 
However,  the  items  that  are  required  will  depend  upon 
the  type  of  fumigation  operation  that  is  to  be 
implemented.' 

This  objective  will  identify  the  types  and  uses  of. 
equipment  and  supplies  that  are  commonly  required 
for  fumigating.  *~ 

Fumigant*  As  you  have  already  discovered  in 
objective  414,  there  are  many  fumigant  compounds 
that  are  available  for  use  in  Air  Force  pest 
management  programs.  The  uses  of  these  compounds 
were  also  discussed  within  the  same  objective. 
Therefore,  they  will  not  be  discussed  at  this  time, 
although  you  should  review  these  compounds  before 
you  continue  this  objective. 

Covering  material.  For  all  inplace^  stack  and 
structural  fumigation  operations,  an  air-tight  cover  is 
required  to  be  placed  over  the  stack  or  building  to 
coutain  the  fumigant.  A  heavy  thick  material  such  as  a 
10  mil  polyethylene  or  canvas  cover  is  required  for  all 
fumigation  operations  except  when  fumigating  with 
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Figure  2-22.  Xotiptmtble  ULV  $rrwrafor  iiypkail 


hydrogen  phosphide.  To  perform  inpiace  stack 
fumigation  using  hydrogen  phosphite,  a  Kght,  thin  (2 
to  6  mil)  polethylene  film  covering  should  be  used. 

Packing  material  Any  type  of  material  can  be  used 
to  pad  all  areas  on  a  stack  or  building  that  could  create 
a  tear  in  the  covering  material. 

Tope,  Wide  mast'™  npe  is  useful  for  taping  the 
packing  material  to  corners  and  other,  protrusions  of 
stacks  and  buildings.  However,  plastic  pressure 
sensitive  tape  (4  inches  wide  and  4  mif  thiekness) 
should  be  used  to  reinforce  the  portions  of  the 
covering  that  are  Ekelytocome  in  contact  with  corners 
or  other  protrusions  should  the  Packing  material  fall 
off.  The  wide  cloth  or  cellophane  tape  can  also  be  used 
to  mate  temporary  repairs  to  the  covering  In  the  event 
it  becomes  torn, 

Sond'snake^  This  term  *sand  snakes*1  applies  to  the 
tubing  that  is  used  to  seal  the  bottom  edges  of  the 
covering  material  that  is  used  in  InpJace  stackv 
structural  and  soil  fumigation  operations  to  the  floor 
or  ground.  Sand  snakes  are  prepared  by  filling  tubes  (6 
feel  loag  am}  5  inches  wide)  that  have  been  formed 
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from  10  mil  polyethylene,  nylon,  or  canvas  material 
with  sand. 

Tape  measure.  Fumigams  must  be  applied  at  a 
certain  rate  within  a  specific  amount  of.  space; 
therefore,  a  tap£  measure  is  required  to  determine  the 
amount  of  space' that  is\ceqinred  to  be  treated  before 
the  operation.    .  X.  \ 

Fans*  Sparkproof  etectrically  operated  fails  are 
required  to  be  used  when  conducting  inplace  stackand 
structural  fumigation  operations  with  methyl  bromide 
or  carbon  disulfide  to  keep  the  fuxnigant  circulating, 
Without  the  fans,  methyl  bromide  would  settle  to  the 
floor  or  ground  and  carbon  disulfide  would- form 
pockets  at  the  highest  leveJs  in  the  covering.  TTiisV 
would  present  very  hazardous  situations  in  either  case, 

Fumigant  trays.  To  conduct  hydrogen  phosphide 
inplace  stack  fumigation,  the  aluminum  phosphide 
pallets  and  tablets  must  he  loosely  scattered  inasingte 
tayer  in  an  aluminum  tray  and  placed  under  the  stack 
covering.  This  prevents  the  tablets  or  pellets  from_ 
coming  in  contact  with  foods  and  materials  that  couJd 
create  fire  and  explosion; hazards.  Disposal  is  made 
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milch  c^icr  by  placing  the  tablets  or  pellets  in  a  tray, 
which  tdntains  the  residue.  ^ 

Gas  abjection  and  metering  device^  To  ,perfonn 
fumigation  operations  effectively  and  safely,  gas 
detection  and  metering  devices  are  required. 
Fumigants  must  be  applied  at  a  certain  rate  per  cubic 
foot  of  space  b&ng  treated,  which  means  that  there 
must  be  so  many  parts  per  million  of  fumigant 
concern  rale  contained  within  the  space  over  a 
specified  period  of  time.  In  order  for  this  to  be  done, 
you  musi  monitor  these  concentrates  by  taking  air 
samples  from  the.  area  being  fumigated  .with  the 
detection  and  metering  devices  as  frequently  as  is 
speciftpd  on  the  fumigant  label.  If  the  concentrate  level 
is  higher  or  lower  than  xtz  Jevef  that  is  recommended 
to  be  maintained,  you  must  make  the  proper 
adjustments.  Remember,  if  tbe  concentrate  is  lower 
than  reeomraeded;  the  fumigation  operation  will  not 
be  effective,  and  if  the  concentrate  is  higher,  this 
presents  a  very  potentially  hazardous  situation. 

There  are  many  types  of  gas  detection  and  metering 
devices  available  for'use  with  fumigants;  in  many 
cases,  there  may  be  several  devices  for  each  fumigant. 


For  example,  the  MSA  pump,  Drager bellowspump, 
and  the  Auer  bulb  detection  apparatus  and  detection 
tubes  are  all  available*  for  use  with  hydrogen  \ 
phosphide.  J  (\J 

These  Items  or  othershnuar  items?  of  dctection^md 
metering  devices  are  available  for  use  with  othcTtypes" 
of  fumigants  and  will  provide  you  with  tbe  ppm  of 
fumigants  contained  within^  treated  area. 

MOTE:  fn  order  t&  obtain  an^accurate 
reading  of  the  amount  of  funugant 
contained  in  an  area,  you  must  have^jhe 
appropriate  detection  apparatus  forihe 
fumigant  being  used,  and  the  detection 
tube  must  be  specifically  designed  to  match 
the  apparatus  being  used*  M 

Other  devices  that  are  available  for  use  m  detecting 
the  presence  of  gases  other  than  oxygen  and  carbon 
dioxide  within  the  air  are  Ha  tide  gas  detectors, 
fumiscopes,  and  expiosuneters.  These  devices  are  only 
designed  to  detect  contaminant  and  explosive 
properties  within  the  atomosphere  and  will  not 
identify  the  type  of  fumigant  exposed. 


Vapurizatitm  trays.  In  most  jrtethyl  bromide 
fumigation  operations  conducted  within  the  Air 
Farce,  a  plastic  tube  is  extended  from  the  nozzle  of  the 
fumigant  container  to  a  stainless  steel  Cray  which 
allows  the  liquid  to  flow  from  the  container  into  the 
tray  for  vaporization. 

Thermometers.  Atmospheric  and  commodity 
temperatures  arc  very  important  contributing  factors 
in  the  effectiveness  and  safeness  of  most  fumigation 
programs.  For  instance^  nitthyl  bromide  can  be  used 
effectively  in  areas  where  temperatures  may.be  39°  F 
(4°  or  possibly  l^wer,  whereas  hydrogen  phosphide  is 
not  to  be  used  in  areas  where  the  temperature  is  below 
40°  F  (4.48°  C). 

In  almost  all  cases  each  fumigant  will  have  an 
optimum  temperature  in  which  it  will  be  most 
effective,  and  the  optimum  temperature  will  vary  with 
each  fumigant;  thus,  the  gas  concentration  and  time  of 
required  exposure  will  vary  as  the  temperatures  vary. 
It  is  for  this  reason  that  a  thermometer  is  required  in 
fumigation  operations, 

Moisture  permeable  envelopes.  For  railcar 
fumigation'  with  aluminum  phosphide  pellets  or 
tablets,  special  moisture  permeable  envelopes  arc 
required  for  containing  the  pellets  or  tablets. 

Warning  signs.  Regardless  of  the  type  of  fumigation 
operation  that  is  to  be  conducted,  warning  signs  that' 
specify  the  type  of  fumigant  being  used,  precautions  to 
be  taken,  and  emergency  phone  numbers  of 
responsible  individuals  must  be  Conspicuously  posted 
at  every  visible  approach  to  the  area  where  fumigation 
is  to  occur, 

Safety  protective  equipment.  As  previously 
discussed  in  Volume  2,  coveralls,  gloves,  and  a  hat 
must  be  worn  during  all  phases  of  fumigant  handling 
and  monitoring.  An  approved  full-face  respiratory 
device  designed  to  protect  against  the  fumigant 
compound  must  be  worn  during  all  phases  of  handling 
and  monitoring  all  types  of  fumtgants  with  exception 
to  paradtchloro-benzene,  naphthalene,  and  aluminum 
phosphide. 

A  respiratory  protective  device  is  not  required  to  be 
wtorn  while  applying  aluminum  phosphide  tablets, 
pellets,  or  bags  as  long  as  the  application  can  be 
completed  within  20  minutes;  however,  an  approved 
respiratory  protective  device  and  canister  must  be 
readily  available  or  within  the  possession  of  the 
operator. 

Exercises  (433  h 

1 .    When  performing  in-place  stack  fumigation  with 

hydrogen  phosphide,  a  light,  thin  ,  

film  is  used. 


2.    To   prevent  tears   in  the  covering  materials, 
projection  or  sharp  edges  arc  padded  with 


3+    What  is  the  tubing  used  to  seal  the  bottom  edges  of 
covering  material  called?  ^ 


9. 


t  \ 


4t    What  is  used  to  determine  the  amount  of  space 
prior  to  fumigating? 


5+    To  keep  the  fumigant  circulating,  sparkproof, 
electrical  are  used. 


6,    Aluminum  phosphide  pellets  and  tablets  are 
loosely    scattered    in   a   single   layer   in  an 


7t    To  perform  fumigati cooperations  effectively  and 

safely,  gas  detection  and  devices 

are  required  to  be  used. 


8.    Methyl  bromide  is  vaporized  in  a  stainless  steel 


Where  are  aluminum  phosphide  pellets  or  tablets 
placed  when  used  to  fumigate  rail  cars? 


10.  Warning  signs  will  be  conspicuously  posted  at 
every    visible    approach    to    the   area  being 


1L  An  approved    protective  device 

and  canister  must  be  readily  available  when 
applying  fumigants. 


434.  VI  at  eh  the  listed  trapping  devices  with 
animals  they  are  primarily  used  for  in  trapping, 


the 


Trapping  Devices.  Most  of  the  trapping  devices  that 
are  used  in  managing  pests  were  identified  and 
discussed  in  Volume  2.  The  trapping  devices 
previously  identified  are  used  not  only  for  collecting 
pests  in  surveys,  but  they  are  also  very  beneficial  and 
often  the  most  practical  for. controlling  pests  in  many 
situations. 

Light  trap^Jhs  types  of  light  traps  that  are 
illustrated  in  figures  2~\  through  2-4  of  Volume  2.  kill 
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many  nocturnal  flying  insects  that  would  not  be  killed 
otherwise.  These  traps  can  be  used  near  patio  or 
camping  areas  to  attract  mosquitoes  and  nuisance 
pests  away  from  the  areas  that  you  want  to  enjoy. 
There  are  other  types  of  light  traps  that  are  specially 
designed  with  an  electrical  grid  used  especially  for 
attracting  and  killing  flying  insects  around  outdoor 
entertainment  areas. 

Baaed  jar  traps.  These  traps  are  very  useful  for 
com  rolling  many  types  of  crawling  pests.  This  type  of 
trap  is  often  the  safest  for  use  in  controlling 
cockroaches  in  child  care  centers  where  pesticides 
would  be  unsafe.  These  jar  traps  can  also  be  used  to 
some  degree  as  a  personal  protective  measure  by 
placing  the  legs  of  beds  In  jars  to  prevent  scorpions, 
centipedes,  and  millipedes  from  crawling  into  bed  with 
you.  Jar  traps  are  also  effective  in  attracting  certain 
Hying  insects  such  as  flies,  bees,  and  wasps. 

Cage  [raps.  Cage  traps  of  the  types  previously 
identified  (figs.  2-7  and  2-8  of  Volume  2)  are  very 
effective  in  controlling  almost  all  domestic  and  field 
rodents  and  many  types  of  predatory  animals.  The 
larger  types  of  these  traps  are  especially  useful  for 
controlling  birds  and  predatory  animals  that  are 
protected  by  Federal,  state,  and/or  local  laws. 

Steel  and  wood-base  snap  traps.  Steel  and  wood- 
base  snap  traps  such  as  the  ones  illustrated  in  figure  2-- 
24  are  used  for  controlling  vertebrate  animal  pests 
when  injuFy  or  death  to  the  animal  is  not  of  concern. 
These  types  of  traps  are  most  often  used  within  the  Air 
Force  for  controlling  domestic  and  field  i  odents.  The 
small  wood-base  snap  traps  are  used  primarily  for 
controlling  mice  indoors,  although  they  are  sometimes 
used  \rt  the  control  of  field  mice  outdoors.  The  larger 
wood-base  snap  traps  and  steel  traps  are  most  often 
used  to  control  rats  indoors  and  outdoors  and  to 
control  field  rodents  and  other  pest  mammals.  Steel 
and  wood-base  snap  (traps  may  be  used  baited  or 
unbailed,  depending  uppn  where  they  are  to  be  used 
and  for  what  they  are  to  be  used. 

Exercises  (434); 

Match  the  use  of  traps  in  column  A  with  the  trapping 
devices  in  column  B. 


Column  B 
Trapping    De  vires 

a,  Light  traps. 

b.  Bait  jar  traps, 
c   Cage  traps, 

d*  Sltd  and  wood- base 
snap  craps. 


Ctjltimn  A 
Vie 

Used  to  control  most  domes- 
tic *tvd  field  rodents. 
.  Used  to  control  vertebrate 
animal  pests  when  injury  or 
death  <a  the  animal  is  not  of 
concern. 

Used    to   kilJ  nocturnal 
flying  insects. 
.  Used    to   control  cock* 
roaches  where  it  j*  unsafe 
to  use  insecticides. 


435.  Speeify  th';  uses  and  effectiveness  of 
miscellaneous  p^.t  management  equipment. 


Types  and  Uses  of  Miscellaneous  Pest  Management 
Equipment,  There  are  several  miscellaneous  items  of 
equipment  that  are  used  in  managing  pests. 
Miscellaneous  items  of  equipment  as  discussed  in  this  -J 
objective  refer  to  devices  that  are  not  normally 
considered  *o  be  items  used  by  pe^st  managers. 

Because  you  may  be  required  to  use  miscellaneous  - 
items  of  equipment  yourself  or  you  may  require  their 
use  by  someone  else,  you  must  be  knowledgeable  of 
these  items  and  their  uses. 

Frightening  devices.  These  devices- are  principally 
used  in  the  control  of  birds  without  causing  harm  top 
them.  There  have  been  many  devices  designed  and 
tested  for  controlling  birds,  but  the  ones  that  have 
proven  most  effechve  are  carbide  exploders,  revaiving 
flashers,  and  sound  recordings. 

Revolving  flashers  are  normally  installed  in  rafter 
areas  inside  aircraft  hangers,  vehicle  maintenance  <- 
facilities  *   and    warehouses  and   are  operated 
intermittently  during  the  night. 

Carbide  exploders  of  the  type  illustrated  in  figure  2- 
25  and  sound  recordings  of  birds  in  danger  can  be  used 
in  areas  along  flight  lines  to  keep  birds  off  aircraft 
runways  and  taxiways  to  prevent  daflfege  to  aircraft. 

Regardless  of  the  type  of  mechan&aiUJMghtening 
device  employed  in  managing  pest  birds,  they  must  be 
operated  infrequently  to  prevent  the  birds  from 
becoming  accustomed  to  the  device. 

Shotguns  fired  into  the  vicinity  of  bird  flocks  have 
been  proven  most  effective  of  all  frightening  devices  in 
the  control  of  birds  in  open  areas  along  flight  lines,  and 
discharging  pellet  rifles  in  hangars,  warehouses,  and 
maintenance  facilities  have  been  effective  in  keeping 
birds  out  of  these  places.  ^ 

NOTE;  The  use  of  firearms  as  frightening 
devices  on  Air  Force  bases  must  be 
approved  by  the  base  commander  and  is 
normally  accomplished  by  security  police 
per sonnei. 

Tranquiiizing  devices.  These  devices  are  generally 
gas-operated  dan  guns  and  are  used  in  controlling 
many  types  of  wild  animals  such  as  skunks,  raccoons* 
coyotes,  and  foxes  that  strayed  orbecame  established 
on  Air  Force  installations^These  devices  are  also  used 
to  control  stray  domestic  animals  such  as  dogs  and 
cats  that  are  allowed  to  run  loose  on  base.  The 
operation  of  tranquil  wing  devices  is  the  responsibility 
of  security  police  personnel  and  requires  special 
training  because  the  amount  of  tranquilizer  to  be  used 
is  determined  by  the  weight  of  the  animal  to  be 
tranquilizer  and  using  the  correct  amount  is  very  ^ 
critical. 

Other  application  devices.  Aerial  dispersal  is'the 
distribution  of  pesticides  from  aircraft.  It  is  done 
according  Co  an  established  plan  to  obtain  maximum 
efficiency  in  pest  control.  The  establishment  of  the 
need  for  aerial  spraying  involves  a  knowledge  of  the 
pest  species.  To  obtain  uniform  coverage  of  an  area, 
preplanned  flight  patterns,  alritudes.  and  airspeeds 
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DIRECTION  OF 
RAT  RUN 


Fijf ure  2*24.  Steel  ami  wood  base  snap  <rap*. 


must  be  carefully  followed.  To  operate  at  excessive 
altitudes  or  in  high  winds  will  cause  dissipation  of  the 
pesi icicle,  resulting  in  insufficient  chemical  pesticide 
reaching  the  control  area. 

Air  Force  Regulation  9 1—22  describes  the 
procedures  for  pest  control  by  aircraft.  Aerial  spraying 
conducted  wilhin  the  Air  Force  is  accomplished  by  the 
aerial  spray  flight  located  at  Rickenbacher  Air  Force 
Base,  Columbus,  Ohio,  The  aerial  spray  flight  is 
operated  by  the  Air  Force  Reserves.  Requests  for 
aerial  spraying  must  be  justified;  therefore,  this  type  of 
control  must  be  discouraged  .unless  there  is  an  urgent 
need  for  it.  All  aerial  spray  operations  are  carried  out 
under  the  direction  of  specially  trained  personnel  who 
accompany  the  aircraft.  Local  responsibility*  once  the 
initial  request  is  made,  is  usually  limited  to  assisting 
the  spray  personnel  upon  their  request. 

Early  morning  or  just  before  dusk  is  the  most 
effective  time  to  do  aerial  spraying.  Aerial  spraying  is 
expensive;  therefore,  before  a  spraying  program  is 
planned*  costs  of  modification  and  operation  of 
necessary  aircraft  should  be  weighed  against  the  cost 
of  ground  control  units.  Also,  effective  aerial  spraying 
can  be  accomplished  only  by  flying  at  low  altitudes, 
and  certain  terrain  oi  major  obstructions  may  limit 


spraying  operations.  Any  major  deviation  from 
standard  spraying  procedures' to  avoid  obstructions 
will  nullify  the  benefits  of  aerial  spraying. 

Another  point  to  consider  during  the  planning 
stages  of  aerial  spraying  is  the  probability  of 
endangering  wildlife.  Normally,  birds  and  mammals 
are  not  affected  by  insecticides  deposited  at  a  normal 
rate,  but  they  may  be  endangered  if  higher-than- 
normal  rates  are  used. 

Aerial  dispersal  of  pesticides  permits  a  quick 
coverage  of  large  areas.  When  time  is  of  the  utmost 
importance  to  prevent  massive  infestation  or  an 
outbreak  of  disease,  aerial  spraying  is  the  only 
practical  measure  of  effective  control.  Aerial  spraying 
also  permits  coverage  of  terrain  inaccessible  to  ground 
equipment, 

Pouring  of  chemicals  may  be  of  value  under  certain 
conditions.  Measured  amounts  of  insecticide  may  be 
poured  into  fast-flowing  streams  for  blackflycontroi. 
A  sprinkler  can  be  useful  for  mosquito  Iarviciding  of 
catch  basins. 

Drawing  bags  ol  chemicals  through  water,  or 
laying  the  bags  in  moving  water  may  serve  to  control 
blacktly  larvae  or  other  water-dwelling  forms. 
Calculations  should  be  made  to  assure  adequate 
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control  without  damage  to  fish  or  other  wildlife.  Do 
not  pollute  human  water  supplies. 

Drip  cans  are  Superior  to  pouring  or  dragging  for 
water  treatment  because  pesticide  dosage  can  be 
controlled  more  exactly.  They  are  better  suited  to  use 
in  moving  than  in  still  water. 

Paint  brushes  arc  very  effective  for  applying 
controlled  amounts  of  pesticides  to  areas  where  pests 
hide  or  run.  They  are  especially  suited  for  controlling 
household  insects  such  as  cockroaches  and  silverfish. 
There  is  less  chance  of  damaging  materials  such  as 
synthetic  floor  tiles  or  painted  woodwork  when 
applying  pesticides  with  a  paint  brush  than  with  a 
sprayer. 

Exercises  (435): 

J,    Name  the  frightening  devices  that  have  proven 
most  ef fee  rive. 


2.    The  use  of  firearms  as  frightening  devices  on 
Air  Force  installations  must  be  approved  by  the 


3.    Aerial    dispersal    of    pesticides   permits  a 
-  coverage  of  large  areas, 


4.    Tranquihzing  devices  are  generally  gas-operated 

  guns  and  are  used  to  control 

many  types  of  wild  animals. 


5.    Measured    amounts    of   insecticide   may  be 

  into    fast-flowing    streams  for 

black  fly  control 


o.  Blackfly  larvae  may  be  controlled  by 
bags  of  chemicals  through  water  or_ 
the  bags  in  moving  water. 


7r    What  is  an  effective  met  hod  of  applying  measured 
dosages  of  pesticides  for  water  treatment? 


8,    An  effective  method  of  applying  controlled 
amounts  of  pesticides  to  areas  where  pests 
■   rude  or  run  is  by  using  . 

456.  identify  the  types  of  pesticidal  pumps  with  their 
st lection*  use,  and  care. 


Types  and  Uses  of  Pesticidal  Pump*.  There  are 
several  types  of  pumps  that  are  available  for  applying 
pesticides,  and  each  type  has  its  own  characteristics. 
When  ordering  equipment,  you  must  also  specify  the 
type  of  pump  desired,  because  in  most  cases*  an  item  of  J 
equipment  can  be  equipped  with  several  types  of 
pumps.  Therefore,  if  the  type  of  pump  desired  is  not 
specified,  you  are  apt  to  receive/fan  item  of  equipment 
that  you  cannot  use  or  one  thatyou  will  have  very  little 
use  for. 

When  selecting  pumps,  you  must  consider  the  type 
of  pesticide  and  pesticide  formulation  that  is  to  be  used 
most  often  in  the  pump  and  how  much  pressure  and 
volume  is  going  to  be  required  for  dispersing  the 
pesticide  formulation. 

The  pump  selected  must  be  ad  equate  for  all  spraying 
pressures  you  are  going  to  use,  and  it  must  provide 
enough  flow  to:  ■ 

•  Supply  all  nozzles. 

•  Allow  for  hydraulic  agitation  when  needed. 

•  Leave  a  reserve  to  allow  for  loss  of  flow  due  to 
wear. 

Pumps  should  resist  corrosion  and  abrasion.  The 
capacity  of  the  pump  should  be  about  twice  the  nozzle 
delivery  rate  to  provide  for  an  overflow  that  is  by- 
passed back  to  the  tanlc  for  agitation  of  the  spray. 
The  several  types  are  as  follows: 

(1)  A  rubber-impeller  pump  is  cheap,  is  not  injured 
by  abrasive  suspension,  develops  about  35  psi,  but  is 
not  adapted  for  oils. 

(2)  A  rotary-gear  pump  has  positive  action-  The 
discharge  rate  depends  qd  iKc  ipeed  of  rotations. 
Suspensions  are  hard  on  the  gears.  It  is  cheaper  to 
replace  plastic  gear  pumps  than  to  repair  permanent 
equipment. 

(3)  A  centrifugal  pump  is  a  single-rotating  impeller 
type.  It  pumps  a  large  volume  of  spray  but  does  not 
develop  a  high  pressure— 40  to  70  psi.  It  can  handle  all 
spray  materials  with  minimum  wear.  It  is  not  self- 
priming,  so  must  be  mounted  lower  than  the  tank. 
Unlike  most  pumps,  it  pushes  the  liquid  in  one 
direction  only.  . 

(4)  A  piston  pump  isdesigned  forlarge quantities  of 
spray  and  moderate  to  high  pressures— up  to  1,000  psi. 
It  has  one  or  more  plungers  connected  to  a  crankshaft. 
The  plungers  0r  pistons  can  be  used  for  any  type  0f 
sprayer  stand  rough  treatment,  and  are  long  lasting 
but  expensive. 

(5)  A  nylon-roller  pump  gives  good  service,  but  it  is 
expensive  and  is  not  well  adapted  for  suspensions.  It 
pumps  only  after  reaching  a  high  speed. 

A  diaphragm  pump  is  similar  to  a  piston  pump 
except  that  one  side  of  the  chamber  is  made  of  a 
flexible  fabric  that  creates  the,  vacuum.  This  pump 
handles  abrasives  well-  but  the  fabric  does  not  always 
last  Long  under  the  pressure  normally  required  for 
spraying.  The  diaphragm,  however*  can  be  replaced 
easily  and  economically. 

Remember,  centrifugal  pumps  provide  high  volume 
at  low  pressure.  They  are  not  self-priming.  Piston  and 
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disphragm  pumps  provide  moderate  to  high  volumes 
at  high  pressure.  They  arc  self-priming,  Roller  and 
gear  pumps  provide  moderate  volume  at  low  to 
moderate  pressure.  They  are  self-priming  in  most 
equipment.  Do  not  use  wettaule  powder  formulations 
in  gear  pumps.  If  you  need  pressures  about  75  psu 
pision  pumps  art:  more  Jikely  10  provide  them  over  a 
long  period  of  time. 

You  will  damage  a  pump  if  you  operate  it  dry  or 
with  a  restricted  inlet.  Follow  the  manufacturer's 
recommendation*  for  pump  operation.  Keep  all 
shields  in  place. 


Ctdumn  A  Ctiiumn  B 

 ^  a  Do  not  use  with  weitubLe      L  Centrifugal. 

powder  formulations.  2.  Piston. 

  b,  Soi  self-pnmirtg,  3,  Diaphragm. 

 .  cr  Used    for    pressures    over     4r  Roller  or  jrear 

75  psi. 
d,  Seif-pnming. 
 ^  e.  Provide  high  volume  at  low 

pressure. 

 —  t    Pro  wide  moderate  volume  ai 

fo*  it)  moderate  pressure. 
  Piavide   moderate  lo  high 

volumes  at  high  pressure 


Exercises  {436V. 

J.  Match  the  pump  types  in  column  B  with  state- 
ments in  column  A  by  placing  the  numher 
representing  a  type  of  pump,  in  the  blank 
provided  by  the  appropriate  statement:  some 
s'tatemenB  may  apph  to  wore  than  one  pump. 


2,    Complete  the  following  statements  concerning 
pesticide  pumps: 


a.  When  ordering  equipment  you  must  specify 
the  deiirt'd. 
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b.  When  selecting  pumps,  you  must  considerthe 
type  of  pesticide  and  


c4  The  pump  selected  must  be  adequate  for  all 
spraying  you  are  goi  ngto  use. 


d.    Pumps  should  resist. 


-and 


e.  You  will  damage  a  pump  if  you  operate  it 
 or  with  a  inlet, 


437.  Match  Jhe  type  of  spray  pattern  produced  by 
nozzles  and  their  uses  with  the  appropriate  type  of 
nozzle  described. 

Types  and  Uses  of  Nozzles.  The  nozzle  is  the  most 
important!  part  of  the  sprayer  for  it  determines  how 
the  pesticide  will  be  sprayed — as  a  solid  stream,  flat 
fan.  hollow  cone,  solid  cone,  or  broadcast,  It  also 
determines  the  rate  of  spray  output  aj:  a  given  pressure. 
Nozzles  are  available  in  many  types  and  styles,  each 
designed  with  a  particular  purpose  in  mind.  They  may 
be  mounted  in  many  ways.  If  two  or  more  nozzles  are 
placed  at  the  end  of  a  wand,  the  spray  gun  is  referred  to 
as  a  spray  boom.  The  orchard  spray  gun  has  a  single 
nozzle  thai  can  be  adjusted  to  produce  spray  patterns 
varying  from  a  solid  stream  to  a  fine  mist  by  reducing 
the  size  of  the  whorl  chamber.  Many  commercial 
compressed  air  sprayers  have  adjustable  nozzles. 
However*  nonadjustable  nozzles  are  desirable  for  Air 
Force  pest  management  programs,  because  they  may 
be  depended  upon  to  deliver  a  definite  amount  of 
pesticide  per  unit  of  time. 

The  pesticide  distribution  rate  and  pattern  of 
nozzles  is  dependent  upon: 

•  The  nozzle  design  or  type. 

•  Its  operating  pressure. 

•  The  size  of  the  opening* 

•  Its  discharge  angle. 

•  Its  distance  from  the  target. 


Solid  stream  nozzle.  This  type  of  nozzle  applies  a 
fine  stream  of  pesticide  and  is  used  in  spray  guns  to 
spray  a  distant  target  and  for  crack  and  crevice 
treatment  in  buildings.  The  solid  stream  nozzle  is  also 
used  m  a  nozzle  body  to  apply  pesticides  in  a  narrow 
band  or  inject  them  into  ihe  soil. 
.  Flai  fan  nozzles.  There  arc  three  types  of  flat  fan 
nozzles: 

f  I )  The  regular  flat  fan  nozzle  makes  a  narrow  oval 
pattern  with  lighter  edges,  It  is  used  for  broadcast 


spraying.  This  pattern  U  designed  to  be  used  on  a 
boom  and  to  be  Overlapped  30  to  50  percent  for  even 
distribution.  \ 

(2)  The  even  flat  nozzle  makes  a  uniform  pattern 
across  its  width.  It  is  used  for  band  spraying  and  for  * 
treating  walls  and  other  surfaces, 

(3)  The  flooding  nozzlcNnalces  a  wide-angle  flat 
s])ray  pattern*  It  works  at  loyrer  pressures  than  the 
other  flat  fan  nozzles.  Its  pattern  is  fairly  uniform 
across  its  width.  It  is  used  for  broadcast  spraying. 


Hollow  cone  nozzle.  There  are  two  t 
cone  nozzles:  the  core  and  disk,  a 
chamber. 


esr  of  hollow 
the  whirl 


The  pattern  is  circular  with  tapered  edges  arte 
or  no  spray  in  the  center  It  is  used  for  spraying  f 
and  mosquito  larviciding. 

Solid  cone  nozzle.  This  nozzle  produces  a  circular^ 
pattern   with   the  'spray  being  well  distributed 
throughout  the  pattern  and  is  used  for  spraying  foliage 
and  mosquito  larviciding. 

Broadcast  nozzle.  This  nozzle  forms  a. wide  flat  fan 
pattern  and  is  used  on  boom  less  sprayers  and  on  boom 
sprayers  when  attached  to  the  end  of  the  bodm  to 
extend  the  effective  swath  width. 


Exercises  (437); 

'Match  the  type  of  nozzle  in  column  A  with  Us  spray 
pattern  and  use  in  column  B  by  placing  the  correct 
letter  in  the  blank  space  provided. 


Column  A 

1.  Solid  si  ream  nozzle. 

2,  Flat  Fan  nozzle 
(regular). 

1  Hallow  cone  nowJe. 

4.  Solid  cone  nozzle* 

5,  Broadcast  nozzle. 


Column  & 

Circular  pattern  with  Ihe 
spray  well  distributed 
throughout  the  pattern* 
Designed  to  be  used  on  a 
boom  and  to  be  overlapped 
from  JO  to  50  percent, 
Forms  a  wide.  Hat,  Fan  pattern 
and  is  used  on  boomless 
sprayers. 

Used  to  spray  distant  targets 
and  cracks  and  crevices  in 
buildings. 

The  pattern  is  circular  with 
capered  edges  and  with  Utile 
or  no  spray  in  the  center. 


438,  March  typical  numbers  that  may  appear  on 
nozzles  with  their  appropriate  meaning. 

Interpreting  Information  Contained  on  Nozzles, 
Most  nozzles  supplied  with  compressed  air  fpraycrs 
have  a  nozzle  disc  consisting  of  a  simple  steel  plate 
with  a  hole  in  the  center  instead  of  the  more  elaborate 
nozzle  tip.  These  discs  often  have  numbers  stamped  on 
them  ranging  from  1  to  10.  representing  64ths  of  an 
inch,  ThuSu  a  No,  7  disc  would  have  an  aperture  of 
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7/64-inch  in  diameter,  and  would  produce  larger 
droplets  suitable  for  heavy  applications.  A  number  1 
disc  would  produce  a  very  fine  spray.  Disc  nozzles  are 
commonly  used  for  large  power  sprayers  that  operate 
at  high  pressures,  producing  a  very  fine  mist.  They  arc 
also  satisfactory  for  applying  pesticide  suspensions 
with  the  compressed  air  sprayers. 

Several  manufacturers  have  developed  nozzle 
systems  in  which  carefully  calibrated  nozzles  are 
designated  by  number. 

Teejet  nozzles  are  rated  according  to  the  angle  at 
which  the  spray  leaves  the  nozzle  and  to  the  output  in 
tenths  of  a  gallon  per  minute  at  a  pressure  of  40  psi 
(Pounds  per  Square  Inch).  Thus,  an  8002  nozzle  used 
in  residua  J  spraying  of  emulsions  on  ordinary  surfaces 
produces  a  flat  fan  spray  at  an. 80°  angle  with  a  rate  of 
0,2  gallon  per  minute  at  a  pressure  of  40  pounds  per 
square  inch.  Similarly*  a  50Q4  nozzle  used  in  residual 
spraying  of  suspensions  on  porous  surfaces  produces  a 
flat  fan  spray  with  a  50°  angle  with  a  rate  of  0.4  gallon 
per  minute  at  a  pressure  of  40  psi;  and  a  0001  nozzle 
u*ed  to  apply  emulsions  or  solutions  to  cracks  and 
crevices  for  cockroach  control  produces  a  solid  stream 
at  0.1  gallon  per  minute  with  a  pressure  of  40  psi. 
Many  pest  control  operators  in  buildings  wish  to 
change  the  spray  pattern  from  time  to  time  a&  they 
work  'through  a  building.  Therefore,  they  use  a 
Multeejet  nozzle  with  4  openings,  two  (50015  and 
730039)  to  produce  fan  type  spruvs.  and  2(000021  and 
0(H)\}  lo  produce  soiid  stream  vprays. 

Exercises  (438); 

Match  the  given  nozzle  number  in  column  A  with  the 
statement  number  in  column  B  that  correctly  identifies 
it  by  placing  the  letter  in  the  space  provided. 


Crtiumn  A  Cuiumn  B 

_       I   000].  a    Produces  a  Hat  fan  sprayatan 

 „  2  ft  mi**  angle  with  a  rate  of  0,2 

  i  5004  gaffon  per  minure 

  4  8Q0:.  t", 

c.   Applies   emulsions  and 

solution*!  to  cruelty  tor  cock, 
rtiach  contrt>L 
d    Produced  a  flat  fan  spray  at  a 
5(F  angle  with  a  rate  of  CI  4 
gallon  per  minute. 

2*2.  Equipment  Operation. 

Operating  equipment  properly  is  just  as  important 
in  the  safe  and  effective  application  of  pesticides  as  is 
selecting  the  right  equipment  for  the  formulationand 
type  of  treatment.  You  can  have  the  right  equipment 
for  the  formulation  to  be  dispersed  and  the  type  of 
treatment  to  be  implemented;  but.  the  pest 
management  program  can  siiil  be  ineffective  and 
unsafe  if  you  operate  the  equipment  improperly. 

Another  aspect  that  must  be  considered  in  operating 
vequipment  is  the  fact  that  equipment  must  be  operated 


properly  to  prevent  damage  to  the  equipment.  If 
equipment  is  operated  improperly,  it  is  most  certain 
that  damge  will  occur,  sooner  or  later*  and  the 
efficiency  and  safety  of  the  equipment  will  be  reduced. 

This  section  provides  information  that  will  assist 
you  in  operating  pest  management  equipment 
properly  and  safely.  This  information  will  consist  of 
identifying  the  types  and  uses  of  operational  and 
maintenance  guidelines  and  outlining  operational 
procedures  and  safety  precautions. 

439.  List  the  types  of  operational  guide*  and  identify 
the   statements   pertaining   to   operational  and 
'  maintenance  guides  as  being  true  or  false. 

Operational  and  Maintenance  Guides.  Proper 
operation  and  maintenance  of  equipment  can  best  be 
accomplished  by  using  the  commercial  or  Government 
publications  that  outline  operational  maintenance, 
and  safety  procedures  for  a  specific  item  of  equipment. 
As  a  matter  of  fact,  you  are  required  to  follow  the 
operational,  maintenance,  and  safety  procedures  that 
arc  outlined  in  these  publications,  provided  there  is  a 
publication  written  for  the  item  of  equipment  you  are 
to  use. 

These  publications  may  be  identified  as  technical' 
orders  (TOs)  for  the  Air  Force,  technical  manuals 
(TMs>  for  the  Army  and  Marine  Corps.  NAV  DOCS 
(MOs)  for  the  Navy,  technical  information 
memorandums  (TIMs).  and  commercial  manuals  for 
all  Services. 

In  many  cases,  one  publication  for  an  item  of 
equipment  will  be  used  jointly  by  two  or  more  services. 
When  this  occurs,  the  publication  will  reflect  a  TO 
number,  a  TM  number,  anch  or  an  MO  number  that 
has  been  assigned  by  the  appropriate  services 
involved.  Other  publications  that  are  used  jointly  by 
the  services  may  reflect  a  TIM  number  which  would 
apply  to  all  services. 

Commercial  publications*  such  as  the  Operation 
Manuals,  may  or  may  not  be  assigned  a  TO,  TM,  or 
MO  number  by  the  appropriate  services.  If  there  is  an 
item  of  equipment  which  is  manufactured  by  the  same 
company  that  is  purchased  and  utilized  by  a  majority 
of  Air  Force.  Army,  Navy,  and/ or  Marine  Corps 
installations,  the  commercial  publication  will 
probably  be  assigned  a  TO,  TM.  and /or  MO  number. 

There  are  other  types  of  publications  that  may  be 
available  for  you  to  use  when  operating  or  maintaining 
equipment.  These  publications  may  be  in  the  form  of 
standard  operating  procedures  (SOPs)  or  operational 
instructions  (OIs)  and  generally  prepared  by  the 
organization  to  which  you  are  assigned. 

Regardless  of  the  type  of  publication  that  is 
available  for  operating  and  maintaining  equipment, 
the  publication  must  be  adhered  to  and  regarded  in  the 
same  manner  as  though  it  were  an  Air  Force 
regulation.' 

For  items  of  equipment  that  have  any  of  these  types 
of  publications*  the  equipment  must  not  be  operated 
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or  maintained  unless  the  publication  is  being  used  by 
the  operator  or  mechanic  during  the  actual  operation 
or  maintenance, 

Exerctees  (439); 

I-  List  seven  types  of  technical  publications  that  may 
be  uued  for  the  correct  operation*  maintenance, 
and  safety  of  pesticide  equipment, 


2.    How  often  should  preoperational  inspections  be 


performed? 


3.    What  must  you  do  before  operating  any  piece  of 
equipment? 


2.    Answer  the  following  statements  as  true  or  false; 


What  Are  preoperational  inspections 
equipment  designed  to  insure? 


on 


  a.  Technical    orders    (TOs)    are  used 

<   primarily  by  the  Air  Force- 
  b,  CommerciaJ  publications  are  used  by 

the  Navy  and  Marine  Corp. 
 c>  Technical  manuals  (TMs)  are  used  by 

[he  Army  and  Marine  Corp, 
  d.  Technical  information  memorandums 

(TIMs)  are  used  by  all  the  services. 
  e.  Standard  operating  procedures  (SO  Ps) 

and  operational  instructions  (OIs)  are 

generally    prepared    by    the  using 

organization. 

440.  State  the  purpose  and  frequency  of  conducting 
preoperational  inspections. 

Preoperational  inspections.  Before  operating  any 
Item  of  equipment*  you  must  perform  a  preoperational 
inspection  on  the  equipment.  Preoperational 
inspections  must  be  done  prior  to  each  use.  regardless 
of  how  soon  since  the  equipment  was  last  used.  If  there 
is  a  publication  that  outlines  the  preoperational 
procedures  for  the  item  of  equipment  to  be  operated,  it 
must  be  used  during  the  preoperational  inspection* 

Preoperational  inspections  on  equipment  are 
performed  to  insure  that  the  equipment  can  be  safely 
operated  at  its  optimum  efficiency.  These  inspections 
must  be  accomplished  on  each  item  of  equipment, 
regardless  of  the  type,  whether  it  is  a  mouse  trap  or  the 
Government  vehicle  that  you  drive,  and  even  if  there 
are  no  written  guides  pertaining  to  the  equipment. 

Besides  being  required,  preoperational  inspections 
are  performed  to  reflect  a  true  .professional  pest 
manager*  because  the  manger  is  only  as  good  as  the 
equipment.  It  can  be  very  embarrassing  for  you  and 
the  section  when  you  hive  fitted  compressed  air 
sprayer,  ready  at  the  job  site  to  apply  the  pesticide; 
=ind.  the  sprayer  doesn't  operate  or  it  leaks  profusely 
from  the  pump  handle,  simply  because  you  neglected 
to  perform  the  preoperational  inspection  on  the 
equipment.  , 

Exercises  (440): 

I.    What  is  the  purpose  of  conducting  a  preopera- 
tional inspection? 


5>    Besides  being  required,  preoperational 
inspections  are  performed  for  what  reason? 


441.  Match  given  types  of  manual  spray  equipment 
with  preoperational  inspections  and  operational 
procedures. 

Operation  of  Manual  Sprayers.  As  previously 
stated,  before  operating  any  item  of  equipment,  a 
preoperational  inspection  of  the  equipment  is 
required.  Therefore*  you  must  be  knowledgeable  of 
sprayer  components  and  inspection  procedures. 

In  order  to  obtain  optimum  operational  efficiency 
of  spray  equipment,  or  any  other  equipment,  it  must 
be  properly  prepared  for  operation,  and  then,  it  must 
be  operated  in  accordance  with  the  appropriate 
operational  guide.  Because  there  are  normally  several 
variations  for  each  type  of  spray  equipment* 
discussion  within  this  objective  concerning 
preoperational  and  operational  procedures  for 
equipment  must  be  restricted  to  generally  common 
procedures.  W;  will  also  identify  safety  precautions 
that  must  be  taken  while  handling  the  equipment. 

Compressed  air  sprayers.  The  compressed  air 
sprayer  has  a  small  1-  to  3-gallon  cylindrical  tank 
equipped  with  an  air  pump,  hose,  spray  gun,  and  other 
components  necessary  for  applying  liquid  insecticides. 
An  exploded  view  (with  identified  components)  of  a 
typical  compressed  air  sprayer  is  illustrated  in  figure  2- 
26.  The  tank  should  be  filled  two-thirds  to  three- 
fourths  full  and  air  compressed  into  the  remaining 
space.  This  compressed  air  exerts  pressure  on  the 
liquid  and  forces  it  through  the  outlet  pipe,  hose, 
cuxoff  valve,  and  nozzle.  As  the  liquid  leaves  the 
nozzle,  the  spray  pattern  will  depend  on  the  air 
pressure  maintained  in  the  sprayer  and  the  type  of 
nozzle  used.  The  air  should  be  compressed  to  40  psi* 
after  which  spraying  may  continue  until  pressure 
drops  to  approximately  30  psi. 

To  assist  you  in  performing  a  preoperational 
inspection  on  the  compressed  air  sprayer,  typical 
procedures  are  provided.  Refer  to  figures  2-26.  2-27, 
and  2-28. 


HOSE 
STRAINER 

SHUTOFF 
VALVE 


AIR  PUMP 


COMPRESSED 
AIR  

OUTLET 
PIPE  


LIQUID 

FORMULATION 


Kijture  TypicaJ  corti  preyed  air  spra>cr  (exploded  view) 


a.  If  the  sprayer  is  unopened,  turn  the  pump 
assembly  counterclockwise  very  sJowly  to  insure  that 
all  pressure  has  been  relieved  from  within  the 
formulation  tank.  When  the  pump  assembly  is  opened 
faster  than  the  air  is  allowed  to  escape,  it'  is  very 
damaging  to  the  threading  at  the  top  of  the  tank  and 
within  the  pump  assembly;  plus,  it  can  cause  serious 
injury  to  the  operator  because  the  pump  assembly 
could  be  ejected  upward  by  the  pressure  within  the 
tank. 

h.  Check  the  threading  on  the  tank  and  within  the 
pump  assembly  to  insure  the  threads  have  net  been 
worn  away  or  broken  off. 

t\  Insure  that  the  pressure  release  opening  is  clear  to 
allow  the  release  of  pressure  when  pump  assembly  is 
turned  counterclockwise.  This  pressure  release 
opening  is  located  on  the  exterior  top  portion  of  the 
pump  assembly* 

d,  Insure  the  pump  assembly  rod  is  straight  to 
prevent  excess  wear  to  the  pump  assembly  bonnet. 

e,  Jnsure  thai  the  gasket  is  in  place,  is  straight,  and  is 
not  brittle  or  deteriorated. 

/  Check  the  pump  cylinder  to  insur&that  it  is  not 
dented  and  is  not  cracked,  The  inner  portion  should  be 
cleaned  frequently  with  a  large  bottle  brush  to  prevent 
caking  of  formulations  and  to  remove  corrosive 
substances  that  may  cause  pitting. 


#The  check  valve  must  be  inspected  to  insure  that  it 
is  in  place,  is  not  deteriorated,  and  is  not  lodged  open  * 
by  debris  and  metal  filings,  Thearea  between  the  check  ^ 
valve  and  the  pump  cylinder  should  be  flushed  with 
water  frequently  to  remove  debris  and  metal  filings, 

h.  Jnapnci  the  piston  cup  to  insure  that  it  is  firm,  but 
pliable.  The  cup  should  be  lubricated  periodically  with 
vegetable  oil  to  prevent  it  from  becoming  dry. 

L  Check  the  outlet  pipe  to  insure  that  it  is  securely 
attached  and  is  free  of  debris, 

/  Check  the  formulation  tank  for  cracks  and  holes 
thai  m&y  be  in  the  tank  or  around  solder  joints, 

k.  Insure  that  all  hose  and  wand  fittings  and 
couplings  are  tight, 

L  Inspect  the  hose  to  insure  that  it  has  not  become 
brittle  and  to  insure  there  arc  no  cracks  or  holes, 

m.  Insure  that  the  cutoff  valve  is  functioning 
properly. 

n<  The  spray  gun  assembly  should  be  inspected 
periodically  to  insure  that  strainers  are  unclogged  and 
to  insure  that  O-rings  and  seats  are  in  good  condition 
and  are  free  from  debris. 

Once  the  sprayer  components  have  been  inspected, 
pour  plain  water  into  the  tank*  insert  the  pump 
assembly  and  secure  it,  pressurize  the  tank*  and  inspect 
for  leaks  and  tests  the  shutoff  valve,  If  there  are  no 
leaks  and  the  shutoff  valve  functions  properly,  the 
sprayer  is  ready  for  use. 

Always  insure  that  the  pressure  is  released  after  each 
use  arid  never  transport  the  sprayer  with  pressure 
applied.  Pesticide  formulations  should  not  remain  in 
the  sprayer  for  an  extended  period  of  time, 

Aerosol  dispensers*  The  small  low-pressure  aerosol 
dispenser  consists  of  a  can  with  a  discharge  valve  and 
nozzle  at  the  top,  and  a  tube  extending  from  the  valve 
to  the  bottom  of  the  can.  The  insecticide  is  a 
concentrated  oil  solution  is  mixed  with  a  propel  I  ant 
(usually  the  nontoxic  gas  Freon  in  Jiquid  form)  and 
placed  in  the  can  at  the  time  it  is  assembled,  When  the 
discharge  valve  is  pressed,  propellant  gas  within  the 
can  forces  the  insecticide-propellant  mixture  through 
:he  nozzle  and  it  is  atomized  into  spray. 

The  large*  high  pressure  aerosol  dispenser  has  a 
much  heavier  constructed  tank,  extended  nozzle,  and 
a  shutoff  valve  that  is  turned  to  regulate  the  t  tt  of 
discharge, 

A  preoperational  inspection  on  this  item  of 
equipment  consists  of  checking  the  container*  valve, 
and  nozzle  to  insure  that  these  items  are  not  corroded 
or  damaged. 

Always  store  aerosol  dispensers  in  a  cool  place  and 
never  throw  used  ones  into  a  fire, 

Siphon  atomizers.  With  the  intermittent  type  of 
siphon  atomizer,  a  piston  pump  forces  a  stream  of  air  - 
over  the  tip  of  the  siphon  tube.  This  creates  a  partial 
vacuum  in  the  tube,  The  insecticide  is  sucked  from  the 
tank  attached  to  the  pump  into  the  airstream  which 
breaks  the  insecticide  into  spray.  The  principle  of 
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Figure  2*27.  Pump  assembly  (exploded  view). 


operation  for  this  atomizer  may  be  better  understood 
by  viewing  figure  2-29  which  provides  an  exploded 
view  with  identified  components  of  the  intermittent 
siphon  atomizer. 

The  continuous  siphon  atomizer  forces  air  into  the 
tank  to  develop  and  maintain  a  constant  pressure  and 
deliver  a  continuous  spray  discharge. 

To  perform  a  preoperational  inspection  on  this  item 
of  equipment  follow  these  procedures: 

•  Check  the  formulation  tank  and  pump  cylinder 
for  deterioration. 

•  Insure  that  the  gasket  beneath  the  filler  cap  is  in 
position  and  is  not  deteriorated. 

•  Insure  that  the  plunger  cup  is  firm  but  pliable. 

•  Insure  that  the  nozzle  and  siphon  tube  are  not 
damaged  and  are  Free  of  debris. 

Pi start  sprayers.  A  fine,  solid  stream  of  insecticide  is 
produced  by  pulling  the  trigger  on  the  gun.  Pistol 
sprayers  are  especially  designed  to  resist  corrosive 
chemicals. 


A  preoperational  inspection  on  this  item  of 
equipment  includes  checking  the  container  for  cracks 
and  holes  and  insuring  that  the  closure  gasket  is  in 
place  and  is  in  good  condition.  The  trigger  assembly 
should  also  be  tested  to  insure  that  it  is  operable,  and 
the  nozzle  must  be  free  of  debris. 

Knapsack  sprayers.  A  simple  diaphragm  or  piston 
pump  and  a  mechanical  agitator  are  mounted  inside 
the  tank  and  actuated  by  a  lever  worked  by  the 
operator's  right  hand.  The  pesticide  is  under  liquid 
pressure  during  each  stroke  of  the  pump.  The 
operation  may  be  better  understood  by  viewing  figure 
2-30.  which  provides  an  exploded  view  of  a  knapsack 
sprayer  and  identifies  the  components  that  were 
discussed. 

To  perform  a  preoperational  inspection  on  the 
knapsack  sprayer  you  would  check  the  tank,  spray 
gun,  and  hose  in  the  same  manner  and  for  the  same 
purpose  as  you  would  the  compressed  air  sprayer.  In 
addition  to  these  items-,  you  should  check  the 
operating  lever  to  insure  that  it  is  operable,  check  the 


Figure  2-2$  Spray  gun  a^scmh]y 


Figure  2-29.  Typical  siphon  atomizer  (exploded  view, 

igjiator  to  insure  that  it  Is  secure  and  operable*  and 
insure  that  the  diaphragm  is  in  place  and  has  not 
become  deteriorated. 

Trombone  sprayers*  This  item  of  equipment  is 
operated  by  holding  onto  the  rear  handle  with  one 
hand  and  pushing  and  pulling  the  front  handle  in  a 
trombone-like  action.  This  action  causes  a  plunger 
and  a  cylinder  to  move  on  each  other,  creating  a 
siphoning  action. 

A  preoperational  inspection  on  this  equipment 
includes  checking  the  spray  gun  to  insure  that  it  is 
operable  and  insuring  that  the  hose  is  jn  good 
condition  and  the  nozzle  is  free  of  debris. 

Garden  hose  sprayers.  This  sprayer  is  designed  to 
connect  to  a  garden  hose  and  utilize  the  household 
water  supply  and  water  pressure  for  dispersing  trie 
pesticide.  It  consists  of  a  jar  for  holding  concentrated 
spray  material,  a  spray  gun  attached  to  the  lief,  and  a 
suction  tube  from  the  gun  to  the  bottom  of  the  jar,  A 
shut  off  valve  is  provided  at  the  gun.  The  gun  draws  the 
spray  concentrate  from  the  jar  by  suction  through 
tubes  and  mixes  it  with  the  water  flowing  from  the 
garden  hose  through  the,  gun,  This  makes  a  dilute 
spray  which  is  delivered  from  the  nozzle. 

To  perform  a  preoperational  inspection  on  this  item 
of  equipment,  you  should  insure  that  the  hose 
connecting  gasket  is  in  place  and  serviceable;  insure 
that  the  hose  connection  is  tight;  insure  thai  the 
shutoff  valve  is  operable;  insure  that  the  suction  tube  is 
in  place  and  does  not  contain  cracks  or  holes;  and 
insure  that  the  nozzle  is  free  of  debris 

Remember  the  final  step  in  performing 
preoperational  inspections  on  items  of  spray 
equipment  is  to  test  th*m  with  plain  water  before 
filling  them  with  pesticide  formulations. 

Extremes  (441): 

Match  the  type  of  sprayer  with  the  correct 
preoperational  inspections  or  operational  procedures. 
The  type  of  sprayer  may  have  more  than  one  statement 
(hat  applies. 


/rem  of  Equipment 

Compressed  air 
sprayers. 

Aerosol  dispensers 
Siphon  atomizers 


Musi  be  inspected  10  in&vir 
[hat  [he  diaphragm  is  in  place 
and  hai>  rial  become  deterio- 
rated. 


 4.  Piitot  iprayen. 

  5.  Knaptac*  ipreyen, 

  6,  Trombone  *priyera. 

_  7.  Garden  huie  sprayer*. 


Muit  be  impeded  to  imure 
that  the  Miction  tube  it  in 
place  and  does  not  contain 
cracks  or  holes. 
Should  be  operated  with  a 
preiture  of  40  pii. 
tt  operated  by  holding  onto 
i he  rear  handle  with  one  hand 
■nd  pushing  and  pulling  the 
front  handle  with  the  other 
A  fine*  jotid  Itream  of  insect- 
icide is  produced  by  the 
iqueezing  of  a  trigger  device. 
Pel  tickle  is  diipented  by 
p resting  down  on  the  dii. 
charge  valve. 

The  principle  of  operation 
includes  a  pialon  pump 
forcing  a  itream  of  air  over 
the  tip  of  the  siphon  tube 
which  create!  a  partial 
vacuum  in  the  tube  and  $ueki 
insecticide  from  the  tank  into 
an  eiraiream* 

Required  an  inspection  of  tru; 
agitator  to  insure  that  it  is 
secure  and  operable. 
Checking  the  container,  valve, 
and  noizle  is  the  only  require- 
ment for  conducting  a 
preoperational  inspection  on 
this,  item  of  equipment. 
This  item  of  equipment 
requires  an  inspection  of  the 
check  valve  to  insure  that  it  is 
in  place*  is  not  deteriorated! 
and  is  not  Lodged  open  by 
debris  and  met&t  filings. 


442.  Specify  preoperational  inspections  and 
intentional  procedures  for  manual  dusters. 
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Figure  2-Mi  Tvpical  knapsack  sprayer  lespfuiied  view). 
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Operation  uf  Manual  Dusters.  Proper  operation  of 
manual  _  duiters  requires  a  knowledge  of 
preoperational  and  operational  procedures; therefore, 
this  objective  is  devoted  to  identifying  these 
procedures  and  the  applicable  safety  precautions 

Hand  shakers.  This  shaker  is  rectangular  with  a 
handle  attached  to  one  side.  The  detachable  lid  has  a 
screen  end  to  sift  the  insecticide  dust  whent  he  duster  is 
shaken,  A  long  handle  may  be  attached  to  the  duster  to 
facilitate  the  treatment  of  overhead  beams  and  rafters. 
If  the  shaker  is  fitted  with  16-  to  20-mesh  screen,  or  a 
perforated  lid.  a  baffle  is  not  necessary  to  keep  the  dust 
f/om  being  dispensed  in  too  great  guantities. 

Be  careful  when  applying  dust  to  high  areas  to 
prevent  the  dumping  of  dust  on  yourself,  To  prevent 
electrical  shorts  and  possibly  fires,  do  not  use  this 
shaker, in  areas  that  contain  electrical  wiring, 

Hund  bellows.  This  is  a  rubber  cylinder  (about  3" 
tall)  with  a  metal  top  and  bottom.  The  top  is  open  and 
fitted  with  a  cork.  The  bottom  has  a  metal  extension 
cube,  A  large  coil  spring  touching  the  top  and  bottom 
supports  the  device  inside.  Dust  is  placed  inside  the 
cylinder  from  the  top.  the  cork  is  inserted,  and  dust  is 
blown  out  through  the  extension  tube  by  hand 
press  Li  re  on  the  top  and  bottom. 

A  preoperational  inspection  involves  nothing  more 
than'  checking  the  rubber  cylinder  for  cracking  and 
splitting  and  insuring  that  the  spring  has  appropriate 
tension  and  the  extension  tube  is  not  clogged. 

Buih  dusters.  The  bulb  duster  is  normally  a  4-inch 
rubber  bulb  fitted  with  a  screw-cap  containing  a  dust 
nozzle.  After  the  bulb  is  filled  with  dust  and  the  cap 
replaced,  hand  pressure  on  the  bulb  disperses  the  dust. 

Before  operating  the  bulb  duster  insurethat  the  butb 
is  net  cracked^md  the  nozzle  is  fitted  tightly  and  is  not 
clogged. 

Hand  plunder  dusters.  This  item  of  equipment 
consists  of  an  air  pump  with  a  glass  or  metal  reservoir 
into  which  the  air  blast  is  directed  to  disperse  the 
insecticide  as  a  fine  cloud  or  as  a  more  or  Less  solid 
blast,  if  the  duster  is  turned  so  the  delivery  tube  is 
beneath  the  dust,  very  heavy  dust  patterns  will  be 
produced. 

A  preoperational  inspection  of  this  equipment 
consists  of  checking  the  pump  assembly  in  the  same 
manner  as  foT  the  siphon  atomizer  pump  assembly. 

Rotary  hand  dusters  This  duster  has  a  5-  10  10- 
pound  capacity  hopper  from  which  dust  is  fed  by  a 
mechanism  into  a  fan  case.  When  the  crank  is  turned, 
the  fan  blows  the  dust  through  a  long  tube.  Most 
dusters  may  be  adjusted  to  deliver  from  5  to  20  pounds 
of  dust  per  acre  under  normal  conditions. 

To  perform  a  preoperational  inspection  on  a  rotary 
hand  duster  check  the  crank  to  insure  that  it  is 
□perahJe  and  insure  that  straps  are  not  frayed  to  the 
extent  of  possible  breakage. 

When  operating  this  equipment  outdoors,  keep  the 
wind  to  your  back  and  let  the  dust  blow  downwind 
trom  you, 


Foot  pump  dusters*  The  foot  pump  duster  is  a 
hand-operated  plunger  type  blower  with  a  container 
for  rodent  k  id e  dust  or  fumigant.  a  stirrup  is  provided 
so  that  the  pump  can  be  held  down  with  one  foot  while 
the  operator  pumps  air  and  rodent icide  into  the 
treatment  area  through  a  short  length  of  hose.  The  J- 
and  5-pound  capacity  foot  pumps  are  most  commonly 
used  for  fumigating  rodent  burrows. 

A  preoperational  inspection  for  this  item  of 
equipment  includes  checking  the  pump  assembly  in 
the  same  manner  as  for  the  hand  plunger  duster  and 
the  siphon  atomizer  and  insuring  that  the  air-selector 
valve  is  operable.  Cheek  the  hose  to  make  sure  it  is  not 
cracked  and  is  tightly  secured  to  the  duster  frame. 

Operators  should  wear  a  gas  mask*  long-sleeved 
shirt,  and  rubber  gloves  when  using  calcium  cyanide  in 
a  foot  gun.  They  should  always  stand  upwind  from  the 
point  where  the  hose  is  inserted  into  the  burrow  to 
avoid  inhalation  of  dust  or  cyanide  gas. 

Granular  spreaders.  The  type  of  granular  spreader 
Illustrated  in  figure  2-13  consists  of  a  rotary  slinger 
plate  operated  by  gears  and  a  hand  crank,  and  a 
cylindrical  metal  hopper  or  cloth  bag  granule  holder. 
There  is  a  possibility  when  this  equipment  is  being 
used  in  tall  grass  and  cat  tails  that  the  gears  and 
rotating  plate  get  clogged  with  vegetation*  which  then 
causes  breakdowns.  A  protective  sheet  of  metal  can  be 
mounted  parallel  to  and  below  the  slinger  plate  and 
ahead  of  the  latter  to  divert  the  vegetation  away  from 
the  moving  parts. 

Before  operating  this  equipment  make  sure  there  are 
no  obstacles  that  would  prevent  the  rotating  plate 
from  turning*  insure  that  the  crank  handle  is  securely 
attached,  and  inspect  the  grease  fating  for  dryness  or 
excessive  grease. 

Operate  this  equipment  with  the  wind  to  your  back* 
making  one  complete  revolution  of  the  crank  handle 
per  normal  walking  step  taken,  and  wear  goggles  and  a 
respirator 

Exercises  (442): 

L    Why  are  hand  shakers  equipped  with  a  tong 
handle? 


2.    What  does  the  preoperational  inspection  of  a 
hand  bellows  consists  of? 


3.    Before  Operating  the  bulb  duster,  what  should  you 
do? 


4.    The  preoperational  inspection  of  the  hand  plunger 
duster  is  the  same  as  which  other  assembly? 
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5.    Wha;  should  you  do  when  operating  the  rotary 
[■and  duster  outdoors? 


6.    What  is  a  foot  pump  duster  often  used  for? 


7.  When  operating  the  granular  spreader,  you 
should  make  one  complete  revolution  of  the  crank 
for  each  s   . 


443.  Malch  given  statements  one  the  operation  of 
portable  powered  equipment  with  the  appropriate 
item  of  eqpJ^sm. 

Operation  of  Portable  Powered  Equipment, 
Although  the  proper  operation  of  portable  powered 
equipment  is  no  more  important  than  that  of  the  other 
typesof  equipment,  it  is  more  essential  in  reducing 
hazards  to  the  operator  and  in  maintenance 
expenditures 

Backpack  mist-dust  blowers.  As  the  name  implies, 
this  unit  is  carried  on  the  back  of  an  operator.  These 
blowers  have  a  tank  capacity  of  2  to  4  gallons  and  are 
powered  by  a  small  air-cooled  gasoline  engine.  Some 
of  these  machines  can  disperse 'liquids;  dusts,  or 
granules.  They  are  extremely  useful  in  dispersing 
adulticides  or  larvicides  over  terrain  where  wheeled 
vehicles  cannot  travel.  I  n  general,  the  effective  swath  is 
reported  as  30  to  80  feet  with  bade -mounted  mist 
blowers. 

In  performing  a  preoperational  inspection  on  this 
equipment,  the  following  items  should  be  checked; 

•  Formulation  tjank  and- return  line  for  cracks. 
Formulation  tank  cap  gasket  to  insure  trie 
gasket  is  In  place  and  in  good  condition. 

•  Harness  strap's  to  make  sure  that  they  are  not 
frayed  to  the  extent  of  possible  breakage  and  to 
insure  that  all  buckles  are  in  tact  and  operable. 
Dust  and  liquid  formulation  dispersal  hoses  to 
insure  that  they  are  not  cracked  or  do  not 
contain  holes  and  to  insure  that  all  couplings  are 
in  their  proper  place  and  are  secure. 

•  Dust  control  valve  and  lever  to  insure  they  are 
operative. 

•  Liquid  control  valves  to  jnsure  they  are 
operative. 

Liquid  nozzle  to  make  sure  that  it  is  free  of 
debris. 

•  Turbine  blower  oil  levet 

•  Fuel  level. 

•  Fuel  cap  to  insure  that  the  gasket  is  in  place  and 
has  not  become  deteriorated. 

■    Turbine  blower  filter  for  cleanliness. 

•  Air  filter  for  cleanliness 

•  Starter  pull  rope  to  insure  that  it  is  operative 
and  is  not  frayed  to  the  extent  of  probable 
breakage. 


•  All  screws,  nuts,  and  bolts  to  insure  thai  they 
are  tight* 

•  Insure  that  the  proper  type  of  gasoline  (regular) 
and  oil  (nondetergent  SAE-30)  is  used. 

*•  Insure  that  the  proper  mixture  of  gas  and  oil  fuel 
is  obtained  and  used  (I  ounce  of  oil  to  16  ounces 
of  gasoline). 

The  safety  precautions  that  must  be  observed  when 
using  the  backpack  mist-dust  are  as  follows; 

•  Do  not  operate  the  equipment  beyond  the 
recommended  engine  rpm* 

•  Do  not  overfill  the  fuel  tank  or  oil  reservoir. 

■  r  Do  not  remove  the  fuel  tank  cap  when  the  tank 

is  full  and  the  engine  is  warm, 

■  Start  the  engine  before  placing  the  equipment  on 
your  sack  to  prevent  the  possibility  of  gas 
spilling  on  you  and  the  engine  while  trying  to 
start  it, 

•  Keep  the  equipment  as  level  as  possible  on  your 
back  and  avoid  excessive  shaking  to  prevent 
spillage  of  pesticide  and  gasoline  on  you  and  the 
engine. 

■  Operate-  the  engine  at  low  rpms  for  a  short  time 
before  turning  it  off. 

Hand-carried  thermal* fog  generators.  The  type 
of  equipment  illustrated  in  figure  2*15  utilizes  a  pulsc- 
jet  engine  similar  to  that  Used  in  the  German  V-l  buzz 
bomb  dtiring  World  War  II*  This  equipment  has  very 
few  moving  parts,  no  rotating  parts,  and  requires  no 
lubrication.  Gasoline  is  burned  at  the  rate  of  60 
explosions  per  second,  producing  hot  exhaust  gases. 
An  oil  solution  of  insecticide  is  forced  into  the  ;ank 
under  6  pfi  pressure  tapped  from  the  engine  head-*  and 
,  the  rate  of  (low  is  determined  by  the  formulation  valve. 

-  Particle  size  may  be  regulated  by  adjusting  the  (low  of 
the  insecticide  from  0  to  15  gallons  per  hour,  the  latter 
rate  depending  upon  the  viscosity  of  the  insecticide 
liquid,  The  technique  of  using  this  type  of  fog 
generator  is  similar  to  that  used  when  operating  other 
fog  generators.  The  loud  noise  produced  by  the  pulse- 
jet  engine  is  objectionable  during  the  night  hours. 
However,  one  of  the  chief  advantages  of  this  machine 
is  the  fact  that  the  flutter  valves  cost  less  than  a  dollar 
to  replace.  An  electrical  spark  and  an  air  pump  are 
used  to  start  it,  but  are  not  required  after  operation  has 
commenced,  since  the  machine  is  self-igniting  after 
combustion  has  been  initiated,  J 
Preoperational  inspection  procedures  for  this  item 

i  of  equipment  include  checking  the  following:  \ 

■  Engine  tail  pipe  to  insure  that  it  is  not  exces- 
sively Car  boned, 

•  Insecticide  injection  orifice  for  cleanliness, 

•  Fuel  tank  and  insecticide  tank  to  insure  that 
each  contains  its  appropriate  substance  and  does 
not  contain  leaks, 

■  Fuel  and  insecticide  tank  caps  and  gaskets  to 
make  sure  that  they  are  in  good  repair. 

•  Control  valves  to  insure  that  they  are  operative 
and  are  in  the  appropriate  position  for  starting, 

69 


•  Fuel  and  insecticide  lines  for  cracks  and  holes. 

•  Couplings  or   fittings   for  tightness. 

•  Wire  guard  around  the  barrel  to  insure  that  it  is 
in  tact,  in  place,  and  is  secure. 

•  Air  pump  assembly  to  assure"  that  it  is  operating 
properly. 

Before  attempting,  to  start  this  equipment,  make 
sure  that  no  one  is  in  front  of  the  barrel  or  is  behind  the 
exhaust,  because  this  item  'of  equipment  has 
been  known  to  shoot  fire  from  both  ends.  Insure  that 
gasoline  is  in  the  gasoline  tank  and  fuel  oil  is  in  the 
insecticide  formulation  tank  because  if  these 
substances  are  reversed  it  could  cause  the  machine  to- 
explode, 

While  operating  the  portable  thermai  fogger.  keep  it 
as  level  as  possible*  which  means  that  the  nozzle  must 
be  kepi  in  a  horizontal  position  and  not  pointed  into 
the  air  or  toward  the  ground.  This  equipment  must  not 
be  operated  in  confined  areas  that  contain  flammable 
substances. 

Mandcarried  ultra' tow  volume  generators 
(ULV).  Most  handcarried  ULV  generators  utilize  a 
small  engine  similar  to  the  one  used  with  the  backpack 
mist-dust  blower.  The  units  will  weigh  from  15  to  25 
pounds  and  will  have  a  dispersal  rate  of  xh  10  2  ounces 
per  minute, 

A  preoperational  inspection  on  this  item  of 
equipment  should  include  a  check  of  the  following 
items: 

•  Fuel  level. 

•  Oil  level  in  the  supercharger. 

•  Starter  pull-rope  for  frayed  condition. 

•  Carburetor  and  supercharger  air  filters  for 
cleanliness, 

•  Carburetor  fafliment  bowl  for  cleanliness. 

•  Fuel  and  pesticide  tanks  for  holes  and  cracks. 

•  Dispersal  hose  for  crack  and  holes. 

•  Nozzle  fins  for  foreign  debris, 

•  Couplings  and  fittings  for  tightness. 

•  Screws,  nuts,  and  bolts  for  tightness. 

•  Pesticide  tank  cap  gasket  for  firmness  and 
pliability. 

•  Regulating  and  control  valves  to  insure  they  are 
operative. 

The  hand-carried  ULV  generator  uses  a  gas  and  oil 
fuel  mixture.  Therefore,  you  must  insure  that  the 
proper  mixture  is  obtained  and  used  as  prescribed  by 
the  operational  manual  for  that  particular  item  of 
equipment.  Generally,  the  gas  and  oil  fuel  mixture  will 
consist  of  5  ounces  of  outboard  motor  oil  to  I  gallon 
of  regular  gasoline.  This  mixture  should  be  prepared 
in  a  clean  container  and  mixed  thoroughly  before 
putting  ii  into  the  gas  tank, 

The  engine  must  be  operated  at  full  rpm.  and  a 
pressure  of  3  to  4  pounds  per  square  Inch  should  be 
maintained  in  the  air  manifold  and  pesticidetank  to  be 
most  effective. 


Frame* mourned  hydraulic  sprayers.  This  item  of 
equipment  is  generally  designed  to  disperse  pesticidal 
sprays  at  pressures  ranging  from  150to350psiat2to4 
gallons  per  minute.  It  is  provided  wilh  handles  for  "\ 
carrying  by  2  people,  a  suction  hose  with  a  strainer  for  %L 
insertion  into  a  separate  formulation  tank,  a  return 
hose,  and  a  discharge  hose. 

A  preoperational  inspection  on  this  item  of 
equipment  should  include  a  check  of  the  following 
items: 

•  Fuel  level. 

•  Fuel  tank  for  cracks  and  holes. 
»   Engine  oil  level. 

•  Engine  cylinder  head  for  foreign  debris. 
»   Pump  piston  for  required  oil 

»    Unsealed  lubrication  points  for  dryness  or 
excessive  grease. 

•  Starter  rope  for  excessive  fraying. 

•  Engine  air  filter  for  cleanliness. 

•  Suction,  return,  and  discharge  hoses  for  cracks 
and  holes. 

•  Spray  gun  for  opcrability. 
»   Nozzles  for  foreign  debris. 

•  Couplings  and  fittings  for  tightness. 

•  Screws,  nuts,  and  bolts  for  tightness. 

•  Drive  belt  for  excessive  fraying  and  proper 
tension,    drive    pulleys   for   tightness  and 

,  alignment. 

•  Shut -off  and  regulating  valves  to  insure  they  are 
operative. 

Before  performing  the  operational  test  on  this 
equipment,  you  should  insure  that  all  jewelry  is 
^  removed  and  form  fitting  protective  clothing  is  worn, 
along  with  the  required  safety 'protective  equipment. 
Make  sure  that  the  discharge  hose  is  capable  of 
withstanding  pressures  in  excess  of  the  pressure  that  is 
capable  of  being  produced  by  the  pump  to  prevent 
hose  rupture. 

To  conduct  the  operational  test,  place  the  suction 
hose  in  a  sufficient  quantity  of  water,  place  the 
pressure  regulator  control  lever  in  the  release  position, 
and  close  dff  ihe  discharge  hose.  Then  start  the  engine 
and  allow  it  to  warm  for  2  or  3  minutes.  While  waiting 
for  the  engine  to  warm,  reinspect  Ihe  equipment  for 
leaks,  piriley  alignment,  and  other  malfunctionWlf  no 
discrepancies  are  noted,  adjust  the  pressure  regulator 
to  the  desired  operational  pressure  and  open  the 
discharge  hose  while  holding  onto  it  firmly,  If  all 
systems  are  functioning  properly,  the  equipment  is 
ready  for  use:  if  not,  do  not  use  the  equipment  until 
discrepancies  have  been  corrected. 

Exploders.  The  exploder  shown  fe-  Hguit  2*25 
contains  an  automatic  striking  mechanism,  a  flint,  LP* 
gas  regulator  with  hose,  and  an  LP-gas  cylinder,  The 
exploder  is  operated  by  the  pressure  of  the  LP-gas.  As 
the  gas  is  released  through  the  regulator  and  hose,  it 
activates  the  striking  mechanism  as  it  passes  through 
to  the  explosion  chamber.  Thus,thc  striker  produces  a 
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spark  from  the  flint  which  explodes  the  gas.  The  time 
interval  between  explosions  is  controlled  by  adjusting 
the  precise-regulator.  These  explosions,  which  arc 
very  loud  (approximately  120  decibels),  should  be  no 
more  frequent  than  every  3  minutes. 

To  perform  a  preoperational  inspection  on  this  item 
of  equipment,  you  should  check  the  following: 

•  LP-gas  cylinder  for  metal  weakness  and  weight. 

•  Regulator  valves  and  hose  for  cracks  and  holes, 

•  Striking  mechanism  for  foreign  debris. 

•  Flint  condition. 

•  Couplings  and  fittings  for  tightness. 

•  Combustion  barrel  fdf  foreign  debris. 

Before  performing  an  operational  test  on  this 
exploder,  you  should  wear  ear  plugs  or  ear  protective 
muffs  and  insure  that  the  test  is  not  conducted  in  an 
open  flame  area  or  enclosed  area  that  is  occupied  by 
other  personnel. 

To  perform  the  operational  test*  connect  the 
regulator  valve  to  the  LP-gas  cylinder  and  open  the 
main  valve  fully.  This  will  activate  the  striking 
mechanism  and  create  an  explosion  if  the  exploder  is 
operating  properly.  Set  the  precise- regulator  to  the 
time  interval  deired  and  then  time  the  explosion 
intervals.  The  amount  of  time  between  explosions 
should  be  the  length  of  time  desired. 

Exercises  (443): 

Match  the  statements  concerning  the  operation  of 
portable  powered  equipment  in  column  B  with  the 
appropriate  item  of  equipment  in  column  A  by  placing 
the  correct  letter  in  the  blank  space  provided. 


Ctttvmn  ,4 


  L     Backpack    mi&t-diiM     a.  All  jewelry  should  be 

blower  removed    and  farm 

 2.     Hand-tamed     thermal         fining  protective 

fog  generator  clothing    warn,  along 

 3.     Hand-tarried    ultraLow  with  the  required  safetv 

volume    generator.  protective  equipment. 

  4.     Frame- mounted  b.  The  effective  swath  is 

hydraulic   sprayer,         between  30  to  30  feei, 
____  5      Exploder.  c.   When    performing  an 

operational  check,  vou 
ihould  wear  ear  plugs  or 
ear  pmiecnve  muffs, 
d  Operates  similar  to  the 
German  V~]  buzz  bomb, 
e.  The  gas-oil  mixture  will 
consist  of  5  ounce*  of 
ouiboard  moioroil  to  I 
gallon  of  regular 
gasoline. 
i  WbiJe  opera/ing  this 
Hem  of  equipment  the 
mi/fle  must  he  kept  in 
a  horizontal  position 
and  li  must  ruit  he 
operated  m  enn  lined 
ari?a%  thai  contain  flam- 
mable substances 


g.  This  item  of  equipment 
must  be  operated  at  full 
*  rpm  and  a  pressure  of  3 
to  4  pounds  per  square 
inch  should  be  main- 
tained in  the  manifold 
and  pesticide  c^nk  ^ 

444*  Cite  operational  characteristics*  inspection 
requirements  and  safety  precautions  relative  to 
nonportable  mist-dust  blowers. 

Nonportable  Mist-Dust  Blower  Operation.  This 
type  of  equipment  has  a  four-cylinder  gasoline  engine, 
a  fan,  a  hopper  to  hold  pesticide  dusts  or  granules-*  and 
a  tank  to  hold  liquid  pesticides.  The  high-velocity  fan 
forces  air  through  the  Large  air  discharge  boom  and 
blows  the  pesticide  dust  or  granules  into  the  control 
area,  frequently  for  several  hundred  feet  or  yards.  The 
liquid  pesticide  is  forced  through  special  small  nozzles 
into  the  large  air  discharge  boom  and  blown  from  the 
machine  aia  spray  or  mist. 

The  following  items  should  be  checked  when 
performing  a   preoperational  inspection   on  the 
nonportable  powered  mist-dust  blower: 
Fuel  level. 
Engine  oil  level 
Battery  water  level. 
Battery  terminals  and  cables. 
Gasoline  sediment  bowl,  blower  fan,  air  boom* 
and  nozzles  for  foreign  debris. 
Fuel  pump  for  leaks. 

Fuel  and  pesticide  tanks  for  cracks  and  holes. 
Pesticide  hopper  for  cracks  and  holes. 
Hopper  agitator  for  security. 
Fuel  and  liquid  pesticide  lines  for  cracks  and 
holes.  | 
Couplings  and  fittings  for  tightness. 
Screws,  nuts,  and  bolts  for  tightness. " 
Unsealed  lubrication  points  for  dryness  or 
excessive  grease. 
Drive  pulleys  for  tightness. 
Drive  belts  for  fraying  and  proper  tension. 
Hopper  drive  chain  and  boom  steering  chain  for 
weak  links  and  Lubrication. 
•    Shutoff  and  regulating  valves  for  operability, 

Before  performing  the  final  phase  in  the 
preoperational  inspection  on  this  equipment 
(operational  test  usingwaterortalc)you  should  insure 
that  all  jewelry  is  removed  and  form  fitting  protective 
clothing  is  worn.  Clothing  that  is  excessively  loose 
fitting  and  jewelry  have  a  tendency  to  be  caught  in 
drive  belts,  pulleys,  and  protruding  objects  which  can 
cause  serious  injuries.  You  must  also  insure  that  no 
one  is  standing  in  front  of  the  air  boom  or  beside  the 
air  fan  because  the  items  create  extreme  suction  and 
air  velocity.  The  air  boom  should  be  pointed  upward 
before  starting  [his  equipment 
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After  you  have  completed  the  first  step  in  the 
preoperational  inspection  and  have  taken  the 
prestarting  precautions,  start  and  operate  the 
equipment  to  insure  that  there  are  no  leaks  and  that  all 
parts  are  operational. 

Most  models  of  this  equipment  are  not  designed  to 
produce  high  pressures,  because  they  rely  on  the  air 
velocity  to  disperse  the  pesticide;  therefore,  you  must 
not  operate  the  equipment  with  pressures  exceeding 
the  recommendations  set  forth  in  the  operation 
manual  for  the  specific  equipment. 

Exercises  (444): 

I.    The  high  velocity  fan  forces  air  through  the  large 
air  discharge  £  


2.  The  liquid  pesticide'  is  forced  through  small 
nozzles  into  the  large  air  discharge  boom  and 
blown  from  the  machine  as  a  or 


What  parts  of  the  electrical  system  should  be 
checked?,1 


4>    The  fuel  pump  should  bechecked  for_ 


5.    An  operational  check  should  be  performed  using 
 nr  .  . 


6.    When  operating  this  equipment*  you  should 
remove  all  and  wear  


clothing  before  starting  this  equipment, 


445.  Point  out  operational  features  of  trailer  * 
mounted  hydraulic  sprayers. 

Trailer-Mounted  Hydraulic  Sprayer  Operation. 
With  this  type  of  equipment  the  liquid  pesticide 
formulation  is  pressurized  by  means  of  a  power-driven 
hydraulic  pump  with  suitable  regulators  provided  to 
maintain  the  desired  pressure.  Pressures  range  from  20 
to  800  psi  The  spray  pattern  is  determined  by  the 
pressure  and  the  type  of  nozzle  used*  varying  from  a 
solid  stream  to  a  fine  mist.  The  power  sprayer  has  a 
tank  of  50  to  600  gallons  capacity,  with  a  rotating 
agitator  to  keep  pesticides  in  suspension.  A  gasoline 


motor  or  power  takeoff  operates  a  piston-type 
hydraulic  pump.  The  power  sprayers  most  used  in  Air 
Force  pest  management  operations  are  small  outfits  of 
not  more  than  200-gallorr  capacity  mounted  bn*\ 
trailers.  These  sprayers  deliver  a  maximum  of  1  to  10 
gallons  of  spray  per  minute  and  are  provided  with 
pressure  regulators  in  order  that  the  recommended 
pressure  may  be  maintained. 

The  pressure  regulator  is  typically  a  large,  steel  ball 
bearing  forced  against  a  valve  seat  by  a  spring.  A  nut. 
thumb  screw,  or  lever  adjusts  the  spring  tension  to 
provide  high  or  low  pressure.  When  pressure  exceeds 
that  desired,  the  baJJ>  bearing  is  displaced  and  the 
surplus  spray  recirculates  through  the  pump  or  is 
forced  back  into  the  spray  tank.  The  power  sprayer  is 
provided  with  one  or  more  hose  leads  to  which  are 
attached  spray  guns  similar  to  those  used  with  the 
f  small  compressed  air  sprayers.  These  sprayers  may 
also  be  used  with  the  orchard  gun  ordinarily 
purchased  with  the  sprayer  The  orchard  gun  is 
adjustable  to  provide  any  pattern  from  a  solid  stream 
to  a  fine  cone  spray.  The  orchard  gun.  or  a  spray  boom 
with  several  nozzles*  may  be  used  for  treating  dumps 
or  other  areas  requiring  heavy  applications. 

Most  engines  used  on  this  tyjic  of  equipment  are 
designed  to  be  operated  at  a  minimum  of  1 800  rpm  and 
a  maximum  of  2300  rpm;  however*  the  operator's 
manual  must  be  referred  to  and  the  engine  should  be 
operated  according  to  recommendations. 

Pumps  should  not  be1  regulated  to  exceed  the 
maximum  pressure  prescribed  in  the  operator's 
manual.  Generally  speaking,  pressures  should  not 
exceed  400  psi  for  Air  Force  pest  management 
operations. 

The  following  items  should  be  checked  when 
performing  a  preoperational  inspection  on  the  trailer- 
mounted  hydraulic  sprayer: 

•  Fuel  level. 

•  Oil  level. 

•  Carburetor  air  filter  for  cleanliness. 

•  Starting  rope  for  excessive  fraying.  m£ 

•  Engine  cylinder  head  for  foreign  debris.    * ' 

•  Fuel  arid  pesticide  tanks  for  cracks  and  holes. 

•  Hoses  for  cracks  and  holes. 

•  Couplings  and  fittings  for  tightness. 

•  Screws,  nuts,  and  bolts  for  tightness, 

•  Drive  belts  for  fraying  and  proper  tension. 

•  Drive  pulleys  for  tightness. 

•  Unsealed  lubrication  points  for  dryness  and 
excessive  grease. 

•  Agitator  for  paddle  condition  and  security. 

•  Shutoff  and  regulating  valves  for  operability. 

•  Nozzles  for  foreign  debris. 

Before  performing  the  operational  test  with  water, 
you  should  remove  all  jewelry  and  be  dressed  in  form 
fitting  protective  clothing.  Insure  that  the  pesticide 
dispersal  hose  and  return  hose  are  designed  and 
capable  of  withstanding  pressures  well  above  the 
pressure  range  of  the  pump  to  prevent  the  hoses  from 
bursting.  Make  sure  that  the  spray  gun  and/ or  boom 
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are  shut  off.  If  the  sprayer  contains  an  air  dome  that 
must  be  precharged*  you  should  charge  it  with  the 
amount  of  air  specified  in  the  operator's  manual. 

Exerei&es  (445); 

L,.What  is  the  range  of  pressures  in  the  hydraulic 
sprayer  and  how  are  they  controlled? 


2.    What  is  the  powerspraycr  tank  capacity? 


3.    How  are  pesticides  kept  in  suspension? 


4.    Most  Air  Force  power  sprayers  have  a  capacity  of 
 gallons  and  are  mounted  on  a 


5.    These  sprayers  deliver  from  to 

gallons  of  spray  paint  per  minute. 

minute. 


6.    Most  engines  used  on  this  type  of  equipment  are 

designed  to  be  operated  at  a  minimum  of  

rpm  and  a  maximum  of  rpm. 


7.    In   all   cases  ^the  operator's   

,  should  be  referred  to  and  the  engine  should  be 
 accordingly. 


8.    Pumps  should  not  be  regulated  to  exceed  the 

 :   pressure  prescribed  in  the 

operator's  manual. 


446.  Specify  operational  features  of  nonportable 
thermal  fog  generators. 

Nonportable  Thermal  Fog  Generator  Operation. 

These  large  thermal  fog  generator*  use  an  air-cooled 
motor  to  run  the  air  blower,  the  fuel  pump,  and  the  ■ 
insecticide  pump — the  only  moving  parts  of  the 
equipment  Air  is  delivered  by  a  rotary  air  blower  into 
the  combustion  chamber  where  it  is  mixed  with 
gasoline  vapor  and  ignited,  burning  Into  the 
combustion  temperature  of  got)  to  1200°  R  The  hot 
gases  then  pass  out  of  the  machine  through  a  fog  head 
or  spud.  The  oil  solution  of  insecticide  is  pumped 


through  the  particle  size  selector,  which  is  a  simple 
delivery  valve,  and  then  is  injected  into  a  cup  in  the  Tog 
head  or  directly  into  the  nozzle  where  it  is  vaporized  by 
the  blast  of  hot  gases.  As  the  hot  oil  vapor  is 
discharged  into  the  cooler  outside  a  in  it  condenses, 
forming  very  small  droplets  or  fog. 

The  delivery  rate  of  the  large  machines  normally  is 
from  40  to  120  gallons  per  hour  with  the  vehicle 
moving  at  5  to  10  miles  per  hour.  As  the  delivery  rate  is 
increased,  the  burner  temperature  is  increased  to 
assure  adequate  vaporization  of  the  larger  volume  of 
insecticide  solution.  The  smallest  particles  may  be  in 
the  range  of  a  smoke  or  fume  (0.00 1  to  0.1  micron)  and 
range  upwards  to  100  microns  or  more,  but  ideally  the 
majority  should  be  in  the  5  to  25  micro/is  size  to  kill 
mosquitoes  and  flit*.  There  is  frequently  a  "sorting 
out*  of  particles  with  the  larger  ones  closest  to  the 
machine  and  the  smallest  ones  drifting  several 
hundred  feet  or  more  with  a  favorable  wind. 

For  most  routine  adulliciding,  No.  2  fuel  oil  is  the 
preferred  solvent  for  insecticides.  Oils  of  higher 
viscosity  than  No.  2  diesel  oiL-  sometimes  called  "fog 
oils."  generally  produce  a  more  spectacular  fog  than 
diesel  oil.  but  several  comparative  tests  of  these  oils 
have  shown  they  have  no  advantage  overNo.  2  fuel  oil 
Tor  killing  adult  mosquitoes.  Since  these  special  "fog 
oils"  usually  are  higher  priced,  No.  2  diesel  oil  remains 
the  solvent  of  choice  for  thermal  fogging, 

To  perform  a  preoperational  inspection  on  this  item 
of  equipment,  you  should  check  the  following  items: 

•  Fuel  level.  * 

•  Engine  oil  level. 

•  Turbine  oil  level 

•  drive  belts  for  fraying  and  proper  tension. 

•  Drive  pulleys  for  tightness, 

•  Fuel  and  insecticide  hoses  for  cracks  and  holes. 

•  Fuel  and  insecticide  tanks  for  cracks  and  holes. 
-  •   Couplings  and  fittings  for  tightness. 

•  Screws,  nuts,  and  belts  for  tightness. 

•  Unsealed^  lubrication  points  for  dryness  or 
excessive  grease. 

•  Shutoff  and  regulating  valves  for  operability. 

•  Starting'rope  for  excessive  fraying. 

•  Fuel  pump  reservoir  level. 

Before  performing  the  final  phase  of  the 
preoperational  inspection  (operational  test  using 
diesel  fuel  only)  you  should  remove  all  jewelry  and  be 
dressed  in  form  fitting  protective  clothing.  Make  sure 
that  no  one  is  in  front  of  the  dispersal  nozzle,  and  be 
sure  that  the  fuel  valve  on  top  of  the  combustion 
chamber  is  closed.  Also*  insure  that  the  insecticide 
regulating  vaive  is  in  a  closed  position. 

After  you  have  performed  the  previous  checks  and 
have  taken  the  necessary  safety  precautions,  the 
equipment  can  be  started. 

After  the  thermal  fogger  has  been  started,  check  for 
Leaks  again  while  the  engine  is  warming;  then,  slightly 
open  the  fuel  valve  on  top  of  the  combustion  chamber 
and  listen  for  combustion.  Once  combustion  has  been 
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obtained,  regulate  the  fuei  pressure  control  wive  on 
the  front  panel  to  obtain  approximately  1200°  F 
reading  on  the  temperature  gage. 

After  this  has  been  done,  open  and  adjust  the 
insecticide  formulation  pressure  control  valve  that  is 
located  on  the  front  panel  to  obtain  the  density  of  fog 
that  is  desired. 

Following,  the  completion  of  all  these  stepSi 
reinspect  the  equipment  for  leaks  and  proper 
functioning  of  gages  and  control  valves. 

Exercises  (446); 

1.    The  nonportable  fog  generator  uses  an  air-cooJed 
motor  to  run  what  components? 


2,  Air  is  delivered  to  the  combustion  chamber  where 
it  is  mixed  with  gasoline  vapor  and  ignited, 
burning  at  a  combustion  temperature  of 
 to  °F. 


3.    What  happens  as  Che  hot  oil  vapor  is  discharged 
Into  the  cooler  outside  air? 


4.    What  is  the  delivery  rate  of  the  large  machine? 


5.    Ideally,  the  insecticide  particles  should  range  from 

  to    microns 

in  size  to  kill  mosquitoes  and  flies. 


6.    What  is  the  solvent  choice  for  thermal  fogging? 


7.    Once  combustion  has  been  obtained,  regulate  the 
fuel    pressure   to   obtain   a    temperature  of 

 °  F 


447.  Cite  operational  features  or  nonportable 
mechnJcal  aerosol  generators. 

Nonportable  Mechanical  Aerosol  Generator 
Operation.  The  mechanical  aerosol  generator  breaks 
up  the  insecticide  into  fine  particles  by  mechanical 
pneumatic  means.  The  insecticide  can  be  in  either  a 
water  emulsion  or  an  oil  solution,  The  emulsion  is 
sometimes  preferred  as  less  likely  to  cause  "burning" 
^of  vegetation  outside,  or  to  have  less  fire  or  explosion 
hazard  indoors,  a  atomized  oil  soultions.  In  one  of  the 
mechanical  fog  generators,  concave  discs  are  mounted 


on  a  hollow  drive  shaft  with  a  cavity  between  each  pair 
of  discs.  Turning  at  highspeed,  the  discs  expel  both  air 
and  liquid  outward  between  tbeir  rims  by  centrifugal 
force.  The  partial  vacuum,  thus  created,  pulls  liquid 
from  the  tank  through  the  hollow  drive  shaft  and  into 
the  cavities  by  means  of  feeder  holes  in  the  shaft.  A 
blower  on  the  same  shaft  drives  the  insecticide  droplets 
away  from  the  machine  at  a  high  velocity.  Particle  size 
depends  upon  the  speed  of  rotation,  the  delivery  rate* 
and  the  viscosity  of  the  insecticide. 

To  perform  a  preoperational,  inspection  on  the 
mechanical  aerosol  generator,  you  should  check  the 
following  items: 

•  Fuei  level. 

•  Engine  oil  level. 

•  Battery  water  level. 

•  Battery  terminals  and  cables, 

•  Blower  oil  level. 

•  Carburetor  air  filter  for  cleanliness. 

•  Blower  screen  for  foreign  debris. 

•  Unsealed  lubrication  points  for  fhyness  or 
excessive  grease, 

•  Drive  belts  for  fraying  and  proper  tension. 

•  Drive  pulleys  for  tightness. , 

•  Shu  toff  and  regulating  valves  for  operabtlity, 

•  Fuel  tank  for  cracks  and  holes, 

•  Fuel  and  insecticide  hoses  for  cracks  and  holes. 

•  Couplings  and  fittings  for  tightness. 

•  Screws,  nuts,  and  bolts  for  tightness. 

•  Engine  cylinder  head  for  foreign  debris, 

•  Fuel  pump  for  leaks. 

•  Fuel  sediment  bowl  for  foreign  debris, 

•  Nozzles  for  foreign  debris. 

Before  performing  the  operational  test'  on  the 
mechanical  aerosol  generator,  you  should  insure  that 
all  jewelry  has  been  removed  and  form  "fitting 
protective  clothing  is  being  worn  along  with  the 
required  protective  equipment,  You  must  also  insure 
that  the  insecticide  suction  hose  and  the  return  hose  is 
submersed  in  a  sufficient  quantity  of  clean  water. 

After  you  have  completed  the  previous  checks  arid 
have  taken  the  necessary  safety  precautions,  the 
equipment  can  now  be  prepared  for  operation. 

To  prepare  the  equipment  for  starting,  you  should 
close  the  air  pressure  valve,  turn  the  three-way  valve  to 
the  bypass  position,  open  the  flow  control  valve 
counterclockwise  one  or  two  turns,  close  the  fluid 
pump  drain-cock,  open  the  fuel  shuioff  valve*  and 
prime  the  carburetor.  Now  pull  out  the  choke  c  ontrol, 
pull  the  governor  control  one-third  of  the  way  out  and 
lock,  depress  the  ignition  and  starter  switches,  adjust 
choke  for  smooth  operation,  allow  engine  to  warm, 
make  necessary  adjustments  in  the  choke  as  the  engine 
turnsi  And  then  lock  the  governor  in  the  idle  position. 

While  the  engine  is  warming  up  reinspect  the 
equipment  for  leaks.  If  no  leaks  or  other  malfunctions 
are  detected  at  this  point,  the  operational  test  can  now 
be  continued. 
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Obtain  a  reading  of  5.2  inches  of  mercury  on  the 
manometer  by  regulating  the  engine  rpm  with  the 
governor  control.  Once  the  desired  reading  has  been 
obtained,  Lock  the  governor  control  in  place  and  then 
open  the  air  pressure  valve.  Adjust  the  flow  control 
valve  to  obtain  a  reading  of  0.6  gpm  on  the  flow 
control  gage.  The  fluid  pressure  gage  should  now  have 
a  reading  of  15  to  20  psi. 

The  mechanical  aerosol  generator  should  now  be 
reinfected  to  insure  that  alt  items  are  functioning 
properly  and  there  are  no  leaks  from  any  source. 

Exercises  (4471: 

I .    How  does  the  mechanical  aerosol  generator  break 
up  the  insecticide  into  fine  panicles? 


2.    The  insecticide  can  be  either  a  2  

emulsion  or  an  solution. 


3.    Why  is  the  emulsion  sometimes  preferred  to  a 
solution? 


4.    What  does  insecticide  particle  size  depend  on? 


5.    A  blower  drives  the  insecticide  droplets  away  from 
the  machine  at  a  velocity. 


6,    During  the  preoperational  check,  a  manometer 

reading  of  inches  of  mercury  should  be 

obtained    by   regulating  .  the   


7.    The  flow  control  valve  should  be  adjusted  to. 

obtain  a  reading  of  !  

on  the  flow  control  gage. 


8,    The  fluid  pressure  gage  should  have  a  reading  of 
 to  psi. 


44&,  Specify  ope  rat  tonal  features  of  the  nonportable 
uJira-low  volume  generators. 

Nonportable  Ultra*Low  Volume  Generator  (UI.V) 
Operation.  This  item  of  equipment  is  relatively  small 
in  comparison  with  the  other  types  of  nonportable 


equipment  The  insecticide  tank  is  generally  a  5-  to  16 
gallon  capacity  tank  and  the  equipment  is  usually 
mounted  on  a  small  half-ton  pickup.  The  nozzles 
utilized  on  this  equipment  must  be  capable  of 
producing  droplets  in  the  5-  to  27-micron  range,  as  a 
minimum  of  which  the  average  droplet  size  should  not 
exceed  12  microns  in  diameter. 

To  perform  a  preoperational  inspection  on  this  item 
of  equipment,  you  should  check  the  following  items: 

■  Fuel  level. 

■  Engine  oil  level. 

•  Air  pump  oil  level. 

•  Battery  water  level. 

■  Battery  terminals  and  cables  for  tightness  and 
corrosion. 

■  Air  intake  filter  pad  for  cleanliness. 

■  Formulation  filter  for  cleanliness, 

■  Pop  safety  valve  for  opcrability. 

■  Drive  belts  for  excessive  fraying  and  proper 
tension, 

■  Drive  pulleys  for  tightness  and  alignment, 

■  Nozzles  for  foreign  debris. 

■  Gasoline  and  insecticide  tanks  for  cracks  and 
holes.  .  > 

■  Gasoline  and  insecticide  hoses  for  cracks  and 
holes, 

■  Couplings  and  fittings  for  tightness, 

•  -Screws,  nuts,  and  belts  for  tightness. 

•  Engine  cylinder  head  for  foreign  debris.  - 

■  Carburetor  filter  for  leanness. 

■  Shut  off  and  regulating  valves  for  operability* 

Before  performing  the  operational  test  on  the  ULV" 
generator,  you  should  insure  that  all  jewelry  is 
removed  and  form  fitting  protective  clothing  is  worn 
along  with  the  required  safety  protective  equipment. 
Make  sure  thai  no t one  is  in  front  of  the  nozzle  and 
keep  Che  nozzle  pointed  away  from  individuals. 

Once  the  preoperational  inspection  is  complete  and 
all  safety  precautions  have  been  observed,  the 
operational  test  is  now  read};  to  be  accomplished. 

Stan  the  engine  and  allow  it-to  warm  to  the  point  of 
the  aluminum  separator  being  hot  enough  to  sizzle  a 
drop  of  water.  While  waiting  for  the  engine  to  warm, 
reinspect  the  equipment  for  leaks,  excessive 
vibrations,  and  pulley  alignment. 

After  the  engine  has  warmed,  tuni  on  the  chemical 
flow  switch  and  monitor  the  air  pressure  gage.  The  air 
pressure  to  the  air  tip  should  be  maintained  between  75 
to  85  psi,  and  the  air  pressure  to  the  formulation  tank 
should  be  maintained  between  (2  to  17  psi.  These 
pressures  are  regulated  and  maintained  by  the  engine 
and  pump  rpm.  The  engine  should  normally  be 
operated  at  2500  rpm  and  the  pump  operated  at 
approximately  900  rpm.  Leaking  couplings,  fittings 
and  hoses,  and  improper  drive  belt  tension  can  cause  a 
drop  in  pressure  which  would  necessitate  an  increase 
in  the  engine  and  pump  rpm. 

This  is  just  one  more  reason  for  performing  the 
preoperational  inspection  and  operational  test  on  this 
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equipment  before  taking  it  out  on  a  job.  If  everything 
checks  out  okay,  then  the  equipment  is  ready  for  use; 
however,  tf  malfunctions  or  discrepancies  are  detected 
the  item  should  be  corrected  before  it  is  used. 

Exercises  4448): 

I.   The  ULV  insecticide  tank  has  a  capacity  of 
 to  gallons. 


2.    The  ULV  is  usually  mourned  on  a. 


You  have  also  seen  that  there  are  various  types  of 
nonportable  equipment  used  for  managing  peats*  and 
for  each  item  of  equipment  there  are  specific 
operational  principles,  preoperational  checks*  and  V 
safety  precautions.  *J 

By  reviewing  objectives,  444  through  448,  you  wtll^f 
be  ablc*to  identify  each  item  of  equipment  with  its 
specific  operational  principles,  preoperational  checks, 
and  safety  precautions. 

Exercises  (449): 

Match  specific  features  in  coiumn  A  beiow  with  the 
correct  type  of  nonportable  powered  dispersal 
equipment  in  column  B. 


The  nozzles  on  this  equipment  must  be  capable  of 

producing  droplets  in  the  to  

micron  range. 


Trje  average  insecticide  droplet  size  should  not 
exceed  :  microns. 


After  the  engine  is  warm,  the  pressure  to  the  air 

tip  should  be  maintained  between  

and  psi  and  the  air  pressure  in  the 

formulation  tank  should  be  maintained  between 
 :  and  psi. 


Column  A 

1.  Hot  vapor  condenses  in  the 
cool  outside  air,  forming  a  fog, 
1.  Mounted  on  a  rmlfton  pickup. 

3.  Uses  high  velocity  fan  to  force 
insecticide*  out  into  the 
control  area. 

4,  Uks  both  dry  and  liquid 
pesticides. 

i.  Perasure  should  noi  exceed 
400  psi  for  Air  Force 
operation. 

6.  Insecticide  may  be  water 
emulsion  or  an  oit  solution. 

7.  Particle  me  depends  upon 
speed  of  rotation,  delivery 
rate,  and  viscosity  of 
insecticide. 

.  3.  Pesticides  kept  in  suspension 
by  a  rotating  agitator. 


Column  B 

a.  Mist-dust  blower. 

b.  Trailer-mounted 
hydraulic  sprayer. 

c*  Thermal  fog 

generator. 
4,  Mechanical  aerosol 

generator.  s 
e.   Ultra-low  volume 

generator. 


6.    How  are  proper  pressures  maintained? 


The  engine  should  normally  be  operated  at. 
rpm  and  the  pump  at  rpm. 


What  can  cause  a  drop  in  pressure  and  require  a 
higher  engine  rpm? 


449.  Match  operational  features  with  the  appropriate 
item  of  nonportable  powered  dbpersal  equipment. 

Operation  of  Nonportable  Powered  Dispersal 
Equipment.  As  you  have  not  iced,  the  effective  and 
safe  operation  of  nonportable  powered  equipment  is 
accomplished  in  the  same  manner  as  with  the  portable 
manual  equipment  because  both  are  accompiished  by 
using  and  following  the  procedures  outlined  in 
appropriate  operational  manuals  or  operational 
instructions. 


2-3.  Equipment  Maintenance 

Besides  having  to  select  the  right  equipment  for  the 
job  to  be  done,  performing  preoperational  afld 
operational  inspections,  and  having  to  operate 
equipment  properly,  you  must  also  maintain  pesticide 
.dispersal  equipment  in  peak  operating  condition  in 
order  to  conduct  effective  and  safe  pest  management 
programs. 

Maintaining  pesticidal  equipment  is  your 
responsibility  and  must  be  a  continuing  effort  on  your 
part,  because  the  equipment  can  only  be  as  effective 
and  safe  as  the  condition  in  which  you  keep  it 
maintained. 

This  section  will  identify  organizational 
maintenance  tasks  that  must  be  carried  out  as  part  of 
your  responsibility  in  maintaining  pesticide  dispersal 
equipment. 


450.  Define  organizational  maintenance  and  list  tasks 
related  to  it. 

Organizational  Maintenance  Responsibilities. 
Organizational  maintenance  is  the  maintenance  that  is 
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performed  by  personnel  within  Che  section.  This 
includes  the  ^maintenance  that  is  performed  as 
operator  maintenance.  Organizational  maintenance 
consists  of  performing  all  maintenance  within  the 
capability  of  the  section-  I*  is  your  responsibility; 
therefore*  you  must  be  knowledgeable  of  t  he  common 
tasws  that  you  will  be  required  to  perform.  These  tasks 
include  cleaning,  servicing,  adjusting,  repairing, 
replacing,  and  calibrating  disposal  equipment  and/or 
equipment  components,  Remember  that  all 
maintenance  must  be  accomplished  in  accordance 
with  appropriate  publications  which  identify  the  tasks 
and  frequency  of  tasks  to  be  performed. 

Exercises  (450): 

L    Define  organizational  maintenance. 

I 

2.  List  the  tasks  that  are  included  in  organizational 
maintenance,  dispersal  equipment  and 
components. 

i 

3,  AM  maintenance  must  be  accomplished  in 
accordance  with  * 


451,  List  the  purposes  for  cleaning  pesticide  dispersal 
equipmetil  and  specify  the  cleaning  methods  to  be  used 
on  identified  types  of  dispersal  equipment. 

Equipment  Cleaning,  To  prolong  the  life  of  the 
equipment*  each  item  must  be  cleaned  after  each  use 
becausej  dirt  and  pes  tic  i  da  I  formulations  are  mosl 
damaging  to  protective'eoatings  and  internal  portions 
of  the  iequipmenr  Another  purpose  for  frequent 
cleaning  is  Co  reduce  contamination  hazards.  The 
cleaning  methods  used  for  cleaning  pesticidal 
equipment  wilt  depend  upon  the  type  of  equipment  to 
be  cleaned.  These  cleaning  methods,  along  with  the 
types  of  equipment  that  can  be  cleaned  by  each 
method*]  will  now  be  discussed. 

Ftustimg.  Each  item  of  equipment  that  is  strictly 
designed  to  disperse  only  liquid  pesticidal 
formulations  must  be  flushed  after  each  use.  Flushing 
should  [be  done  before  washing  the  items  of 
equipment,  because  flushing  after  washing  would 
redeposit  pesticide  particles  on  Che  exterior  surfaces, 
which  would  defeat  the  purpose  for  washing. 

Flushing  is  the  term  that  is  applied  to  cleaning  the 
enure  inner  portions  of  the  pesticide  dispersal  system 
w  remove  dirt  and  pesticides  from  the  formulation 
tank,  pump,  hoses,  and  nozzles. 

Flushing  this  system  is  very  important  because 
many  pesticides  are  corrosive,  and  if  left  inside  the 
system  they  can  be  very  damaging. 

Equipment  that  is  designed  strictly  for  dispersing 
soluiion-type  formulations  must  be  flushed  wiih  a 


solvent  such  as  kerosene  or. No.  4  grade  fuel  oil  and 
never  with  water*  whereas  equipment  that  is  designed 
strictly  for  dispersing  emulsion  and  suspension-type 
formulation  must  be  Hushed  with  waicfand  never  with 
a  solvent.  For  those  i.ems  of  equipment  that  are 
designed  to  disperse  solutions*  emulsions,  and 
suspensions*  regular  flushing  with  water  is  most 
practical;  however*  an .  occasional  Hushing  with  a 
solvent  may  be  required  especially  if  the  equipment  is 
being  prepared  for  extended  storage. 

Washing.  All  items  of  nonportable  powered 
equipment,  along  with  the  compressed  air  sprayer, 
pistol  sprayer,  knapsack  sprayer  .garden  hose  sprayer, 
and  the  frame-mounted  hydraulic  sprayer,  can  be 
cleaned  by  washing  with  a  detergent  and  water 
solution.  All  exterior  surfaces  of  the  equipment  must 
be  washed  after  each  use  to  remove  damaging  dirt  and 
pesticide  particles.  Care  must  be  taken  to  avoid 
applying  water  to  engine  components.  The  interior 
portions  or  dust  hoppers  should  be  washed*  providing 
they  are  not  to  be  used  for  several  hours  afterwards  to 
*  allow  drying  time, 

The  equipment  must  be  rinsed  thoroughly  and 
should  be  wiped  dry  to  remove  corrosive  substances 
that  may  have  been  deposited  by  the  water. 

Triple  rinsing.  The  triple  rinse  method  of  cleaning 
equipment  is  flushing  the  liquid  pesticide  dispersal 
system  three  times;  the  first  two  tipies  using  .separate 
solutions  of  detergent  and  water,  and  the  third  time 
using  water  only,  This  method  must  be  used  to  Hush  an 
item  of  equipment  that  is  designed  for  applying 
solutions,  emulsions,  and  /or  suspensions  prior  to  its 
being  used  to  apply  a  type  of  pesticide  different  from 
the  type  of  pesticide  it  was  just  previously  used  for 
applying. 

Vacuuming.  For  items  of  equipment  that  are 
designed  strictly  for  applying  dusts  and/  or  granules, 
cleaning  should  be  done  by  vacuuming.  Hoppers  on 
other  items  of  equiprrAht  that  are  used  strictly  for 
dusts  and  granules  should  also  be  cleaned  by 
vacuuming, 

Wiping.  Wiping  with  a  damp  or  dry  cloth  is  the 
cleaning  method  that  should  be  used  to  clean  engines 
and  equipment  where  water  would  be  damaging  and 
would  cause  the  equipment  to  be  inoperable  for  a 
period  of  time. 

Steam  cleaning.  The  steam  cleaning  method  is 
primarily  restricted  to  removing  heavy  deposits  of  oil 
and  grease  from  nonportable  powdered  equipment. 
This  method  is  also  used  for  cleaning  nonportable 
powered  equipment  that  requires  Held  or  depot 
maintenance  prior  to  the  equipments  being  forwarded 
for  maintenance. 

Waxing.  All  items  of  nonportable  powered 
equipment  should  be  waxed  periodically  to  further 
assist  in  the  removal  of  dirt  and  pesticide  particles  and 
to  provide  protection  to  the  protective  coatings. 

Exercises  (451): 

L    List  the  purposes  for  cleaning  pesticide  dispersal 
equipment, 
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Equipment  designed  to  disperse  liquid  formula- 
tions should  be  after  each  use. 


452,  Indicate  whether  |iven  statements  reflect  the 
correct  practices  and  procedures  to  service  equipment. 


3-    When  should  flushing  be  done? 


4.    What  would  result  if  a  piece  of  equipment  were 
flushed  after  washing? 


5.    Flushing  is  used  to  remove  pesticide  from  what 
parts  of  equipment? 


6.    With  what  must  equipment  designed  strictly  for 
solution-type  formulations  be  flushed? 


7.  Equipment  designed  strictly  for  emulsion  and 
suspension- type  formulation  must  he  /lushed  with 
 End  never  


12. 


H.    When  washing  equipment,  care  must  be  taken  to 

avoid  applying  waier  to  the  

compartment. 


9.    The  third  rinse  of  the  triple  rinse  process  uses 
 only. 


10.  Equipment  designed  for  applying  dust  or  granules 
should  be  cleaned  by  


t  K  Engines  should  be  cleaned  by 

with  a   :         or  . 

cloth. 


cleaning  is  used  to 


remove  heavy  deposits  of  grease  and  oiL 


13.  To  provide  added  protection*  equipment  should 
be  periodically. 


Equipment  Servicing.  Proper  servicing  is  vital  to 
the  operation  and  maintenance  of  equipment,  because 
improper  servicing  may  cause  the  equipment  not  to 
operate,  or  if  it  does  operate,  it  could  be  very  damaging 
to  equipment  components  and  could  present  very 
serious  hazards  to  the  operator  and  others. 

Fuel.  The  proper  type  and  quantity  of  fuel  must  be 
used  for  each  item  of  powered  equipment.  For  some 
items  of  equipment  a  gasoline  and  oil  mixture  is 
required  for  operating  the  equipment  However,  most 
equipment  only  requires  regular  gasoline  as  the  fuel 
type.  Do  not  overfill  fuel  tanks,  especially  those  that 
are  pressurized.  If  fuel  tanks  are  overfilled,  spillage 
will  result  due  to  the  expansion  of  the  fuel  and  the 
transporting  of  equipment. 

Lubricant.  There  are  many  types  of  lubricants  that 
are  used  in  maintaining  pesticidal  equipment.  The  type 
of  lubricant  to  be  used  depends  upon  the  type  of 
equipment  and  location,  of  use.  For  this  reason*  you 
must  always  refer  to  the  equipment  manual. 

For  most  items  of  powered  dispersal  equipment, 
SAE  30W  detergent  oil  is  normally  used  in  the  engine 
block.  The  type  of  oil  normally  used  in  gear  boxes  of 
equipment  is  SAE  90W  nondetergent,  and  blowers 
normally  require  SAE  30W  nondetergent  oil 
Regardless  of  the  type  of  oil  used  or  where  it  is  used,  it 
requires  changing  periodically  and  must  be  changed 
according  to  manufacturer's  recommendations. 

General  purpose  grease  is  normally  used  for 
lubricating  shaft  bearings  and  other  movable  parts 
that  are  provided  with  unsealed  grease  fittings.  These 
items  must  be  maintained  with  the  appropriate 
amount  and  type  of  grease.  These  fittings  should  be 
greased  just  to  the  point  before  the  grease  begins  to 
ooze.  Sealed  grease  fittings  require  less  frequent 
lubrication.  You  must  never  overlubricate  these 
fittings  because  this  will  cause  the  seal  to  break  and 
will  damage  the  bearings. 

Waier.  Not  many  items  of  dispersal  equipment  are 
equipped  with  radiators i  but  if  they  are,  you  must 
insure  that  the  proper  water  level  is  maintained  at  all 
times.  If  the  water  level  in  the  radiator  is  very  low*  it 
will  cause  the  equipment  to  overheat  and  be  damaging 
to  the  engine, 

Unsealed  batteries  utilized  on  equipment  must  be 
filled  to  the  proper  level  with  water  and  maintained  at 
this  level  at  all  times.  Distilled  water  should  be  used 
when  possible. 

Air.  Some  types  of  hydraulic  sprayers  contain 
pressure  domes  that  require"  p recharging  before 
operation.  Precharging  is  done  by  using  air  to 
pressurize  the  dome  with  a  specific  amount  of  pressure 
for  [he  desired  operational  pressure. 

Vehicle  tires  must  be  inflated  and  maintained  with 
the  proper  air  pressure  to  prevent  uneven  wearing  and 
blowouts. 


So-. 


NOTE;  U\e  extreme  caution  at  all  times  when 
servicing  equipment  with  air.  and  always  service 
equipment  according  to  (he  information  provided 
in  the  appropriate  publication. 

Exercises  {452); 

Identify  the  statements  below  as  correct  fC)  or 
incorrect  ([).  Make  corrections  to  the  incorrect 
statements. 

1.    Improper  servicing  may  cause  equipment  not  to 
operate. 


2.    If  not  properly  serviced,  the  equipment  will  not 
operate. 


.1,    The  type  of  fuel  used  in  equipment  is  not 
important  as  long  as  it  runs. 


4.    Overfilling  tanks  is  hazardous. 


5.    The  type  of  lubricant  used  depends  on  the 
equipment. 


6    The  type  of  oil  used  in  gear  boxei  If  SAE  30W 
detergent. 


7H    When  greasing  equipment,  the  grease  should  be 
applied  until  it  begins  to  ooze. 


y,    Water  is  not  required  in  dispersal  equipment 
engines. 


9.    Batteries  should  be  serviced  with  distilled  water 
when  possible. 


10.  Vehicle  tires  are  the  only  components  requiring 
air  on  dispersal  equipment. 


f  1 .  Equipment  publications  cir  TO*  should  always  he 
fallowed  uhen  servicing  equipment, 


453.  Point  out  requirements  for  making  equipment 
component  adjustments. 

Adjusting  Equipment*  Many  items  of  powered 
dispersal  equipment,  especially  the  items  of  equipment 
that  are  nonportable*  have  several  components  that 
require  adjusting.  Proper  adjustments  must  be  made 
in  order  for  the  equipment  to  operate  effectively  and 
safely.  All  adjustments  must  be  made  in  the  manner 
specified  by  the  appropriate  equipment  operation 
publication. 

Spark    plugs.  Most    manufacturer's  operation 
manuals  specify  the  frequency  for  inspecting,  cleaning, 
and  replacing  spark  plugs.  However,  you  can  inspect 
these  plugs  more  frequently  for  proper  gap  settings. 
Before  installing  new  spark  plugs  into  equipment,  the 
spark  gap  must  be  adjusted  by  gently  spreading  or 
squeezing  the  ground  electrode  away  from  the  center 
electrode  or  toward  the  center  electrode. 
NOTE:  When  removing  or  installing  spark  plugs* 
use  a  spark  plug  socket  wrench  and  apply  straight 
and  even  pressure  on  the  wrench  as  you  turn  it  to 
avoid  breaking  the  porcelain  that  surrounds  the 
plug.  Tighten  the  plug  snuggly  into  the  block  but 
don't  overtighten  it. 

Points.  Points  must  be  adjusted  according  to  the 
equipment  manufacturer's  specifications.  Points 
require  periodic  inspections  to  determine  their 
condition  because  burned  contacts  of  points  can  and 
most  often  will  cause  the  engine  to  run  very  rough. 
Points  that  arc  being  installed  must  be  adjusted  after 
they  have  been  placed  inside  the  distributor  by  using  a 
point  gage  and  a  screwdriver. 

Carburetor.  Many  items  of  powered  dispersal 
equipment  arc  obtained  with  a  preset  governor  to 
control  the  engine  rpm.  The  governor  should  never  be 
tampered  with;  however,  idle  screws  and  fuei/air 
mixture  screws  on  the  carburetor  do  require  minor 
adjustments  from  time  to  time.  These  adjustments 
must  be  in  accordance  with  the  manufacturer's 
recommendations  and  can  be  accomplished  with  a 
small  screwdriver  or  open-end  wrench. 

Control  valves.  Control  valves  require  frequent 
adjustments!  and  adjustments  are  determined  by  the 
amount  of  flow  desired  or  engine  rpm  desired. 

Drive  pulleys.  Pulleys  must  be  properly  aligned  on 
pulley  shafts  to  prevent  excessive  wear  to  drive  belts 
and  pulley  shafts.  Extreme  vibrations  in  equipment 
can  also  be  caused  by  improperly  aligned  pulleys. 
Pulleys  must  be  adjusted  to  the  proper  distance 
between  pulleys  to  provide 'pro  per  tension  on  drive 
belts;  Proper  adjustment  of=pulieys  is  obtained  when 
drive  belts  can  be  depressed  %-inch  per  foot  distance 
between  pulleys. 

Exercises  (453):  * 
I.    All   equipment    adjustments   must    be  made 

accurding  to  the  appropriate  
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2<    When  servicing  spark  plugs  they  arc  cither 
 .  or  replaced. 


3    When  spark  plugs  are  being  replaced,  they  should 
be  checked  for  proper  


4.    Using  an  improper  tool  on  a  spark  plug  can  cause 
the  — :  to  break. 


5.    Points  must  be  adjusted  according  to . 


6<    Burned  contact  points  cause  an  engine  lo  run  very 


Should  the  governor  on  an  engine  ever  be 
tampered  with? 


Idle  screws  and  fuel/air  mixture  screws  on  a 

carburetor  will  require  minor  

from  time  to  time. 


Most  repairs  are  accomplished  by  either  replacing 
parts  of  a  component  or  replacing  the  entire 
component.  Naturally,  it  is  less  expensive  to  replace 
parts  than  to  replace  the  component;  therefore,  \ 
equipment  should  be  repaired  by  replacing  parts*] 
rather  than  the  entire  component  when  possible. 

An  adequate  Supply  of  parts  and  components  that  ' 
require  frequent  replacement  should  be  maintained 
within  the  section  ai  all  times  to  expedite  repairs  to 
equipment.  Most  manufacturers  of  equipment 
provide  a  complete  parts  list  in  the  equipment 
operations  manual  for  that  item  of  equipment  to  assist 
you  in  ordering  replacement  items.  The  manufacturer 
is  the  best  source  for  obtaining  parts  and  information 
pertaining  to  the  equipment.  In  many  cases,  the 
manufacturer  is  the  only  source  for  obtaining  certain 
parts  for  the  equipment. 

Control  valves,  pumps,  and  spray  guns  are 
equipment  components  that  normally  require 
frequent  repairs.  Generally*  repairing  these 
components  requires  replacing  certain  parts  such  as 
valve  seats,  O-rings,  packing,  gaskets,  springs,  gears, 
bearings*  and  pistons. 

Inoperative  or  damaged  indicator  gages,  shaft 
bearings*  hoses,  and  drive  belts  are  components  that 
should  always  be  replaced  instead  of  repaired.  When 
pump  and  control  valve  housings  are  cracked, 
replacement  of  these  components  is  normally 
required. 

Replacing  parts  in  a  carburetor  cdh  be  very  tedious 
and  should  not  be  attempted  by  an  unskilled 
individual  or  without  specific*instructions<  Repairing 
carburetors  requires  exactness. 


9.    How  are  control  valve  adjustments  determined? 


10,  What  may  cause  extreme  vibration  in  equipment? 


Exercises  (454): 

Identify  the  following  statements  as  correct  (C)  or 
incorrect  (J)  and  correct  the  incorrect  statements, 

I.    Most  repairs  are  accomplished  by  replacing  parts 
or  complete  components, 


IL  Proper  pulley  adjustment  is  obtained  when  drive 

belts  can  be  depressed  inch  per  foot 

between  pulleys. 


2,    Equipment  repairs  should  be  accomplished  by 
replacing  components  when  possible. 


454.  Indicate  whether  given  statements  correctly 
reflect  policies  procedures  in  repairing  pesticide 
dispersal  equipment. 

Equipment  Repair.  Repairing  pesticide  dispersal 
equipment  can  be  a  very  challenging  and  interesting 
task,  especially  if  you  happen  to  be 'mechanically 
inclined  TThcre  arc  many  repairs  that  arc  very  simple 
to  do,  but  others  may  be  very  difficult;  for  example, 
replacing  a  plunger  cup  on  a  compressed  air  sprayer  is 
a  very  simple  repair  task,  but  freeing  a  sticking  valve  in 
an  engine  can  be  a  very  difficult  task. 


3.    A  parts  supply  is  not  maintained  within  the 
section. 


4,    The  manufacturer's  manual  usually  contains  a 
parts  list, 


5.    Control  valves-  pumps,  and  spray  guns  do  not 
usually  require  frequent  repairs. 


80. 


Replacing  carbureter  parts  requires  a  skilled 
technician. 


2-4.  Equipment  Calibration  4* 

The  final  step  in  preparing  your  equipment  for 
effective  and  safe  application  of  pesticides  is 
calibrating  the  equipment. 

Ycu  can  select  the  right  equipment  for  the  job  have 
it  in  proper  operating  condition,  adhere  to  safety 
precautions!  and  operate  the  equipment  properly,  and 
still  not  be  able  to  do  the  job  effectively  and  safely 
without  calibrating  (he  equipment. 

Calibration  W  simply  adjusting  your  equipment  to 
apply  the  desired  rate  of  pesticide.  You  need  to  do  this 
so  that  you  can  be  sure  you  are  using  each  pesticide  as 
directed  on  the  label.  Too  much  pesticide  is  dangerous; 
too  little  will  not  do  a  good  job.  Only  by  calibrating 
correctly  can  you  safely  get  the  best  results. 

After  you  have  completed  this  section,  you  will 
understand  the  procedures  used  for  calibrating 
equipment,  which  is  a  must  for  pest  managers. 

455.  Specify  procedures  used  for  calibrating  pesticide 
dispersal  equipment. 

Equipment  Calibration  Methods.  There  are  many 
ways  to  calibrate  equipment.  The  preferred  methods 
differ  according  to  the  type  of  equipment  that  is  to  be 
used. 

Calibration  of  sprayers.  Toappiyapesticideevenly 
and  accurately*  your  sprayer  must  move  at  a  constant 
speed.  It  also  must  operate  at  a  constant  pressure. 
Each  nozzle  must  be  clean  and  at  the  right  height.  All 
nozzles  must  be  of  the  correct  type  and  size  for  the  job. 
Each  nozzle  in  the  system  must  deliver  its  rated 
amount  of  pesticide.  ' 

First,  choose  the  speed,  pumping  pressure,  and 
nozzle  or  nozzles  that  you  want  to  use.  Fill  the  spray 
tank  with  water  and  operate  the  Sprayer  in  place  to  fill 
the  plumbing.  Top  off  the  tank  and  spray  a  measured 
area  as  if  you  were  applying  the  pesticide.  Measure  the 
amount  of  water  needed  to  refill  your  tank.  This  is  the 
application  rate  per  unit  of  area.  If  it  lakes  8  gallons  to 
refill  the  tank  after  spraying  I  acre*  you  are  spraying  at 
the  rale  of  8  gallons  per  acre.  If  your  sprayer  has  a  tank 
of  more  than  100  gallons  capacity,  you  should  spray  an 
area  large  enough  to  use  at  least  ID  percent  of  the  tank 
capacity. 

If  your  sprayer  is  delivering  more  or  less  spray  than 
the  label  direct*,  you  can  change  the  rate  three  ways: 

<H  You  can  change  the  pressure.  Lower  pressure 
means  less  spray  delivered;  higher  pressure  means 
more  spray  delivered.  This  is  not  a  good  method, 
because  a  pressure  change  may  change  the  nozzle 
pattern  and  droplet  size.  Pressure  must  be  increased 
four  times  to  double  the  output. 

(2)  You  can  change  the  speed  of  your  sprayer. 
Slower  Speed  means  more  spray  delivered;  faster  speed 


alfaet  \ 


means  less  spray  delivered.  This  method  is  practical 
for  small  changes  in  delivery  rate.  If  you  drive  half  aft 
fa§\  you  double  the  delivery  rate. 
"  (3)  You  can  change  the  nozzle  tips  to  chang 
amount  delivered.  The  larger  the  hole  in  the  tip,  the 
more  spray  delivered.  This  the  best  method  of 
making  major  changes  in  the  delivery  rate  of  sprayers. 
Always  select  nozzles  for  the  job  you  want  done.  Use 
Che  manufacturer's  performance  charts  to  make  your 
selection. 

After  making  a  change,  you  must  recalibrate  your 
sprayer  to  make  sure  the  rate  is  correct. 

You  have  adjusted  your  sprayer!  and  you  know  how 
many  gallons  of  spray  per  unit  of  area  your  equipment 
will  apply.  Next,  you  must  find  out  how  much 
pesticide  to  put  in  the  tank  to  apply  the  correct  dosage 
of  pesticide.  To  do  this  you  need  to  know  two  more 
facts: 

ci  +    How  much  your  sprayer  tank  holds. 

•   The  amount  of  formulation  to  be  used  per  unit 
of  area.  This  will  be -given  on  the  label. 

Suppose  your  tank  holds  50  gallons  of  spray.  The 
directions  say  to  apply  I  pint  of  formulation  on  each 
acre.  En  our  example,  you  found  that  your  sprayer 
applies  8  gallons  per  acre.  First,  find  the  number  of 
acres  one  tank  load  will  spray.  Divide  50  gallons  by  8. 


50  gallons  per  tank  fa  J 
B  gallons  per  acre 


6   %  acres  per  tankful 


To  find  the  amount  of  formulation,  you  must 
add  to  your  tank  so  you  can  spray  6  }A  acres  with  1 
pint  per  acre,  multiply  I  pint  t>y  6  '4- 

l  plot  per  acre  *  fcVi  acres  per  tankFul  =  6Vt  pints-  per  lankfu]. 

.  Suppose  the  formulation  of  a  pesticide  is  a  50 
percent  wettable  powder  and  you  want  to  apply  Vi 
pound  of  active  ingredient  per  acre.  En  our  example, 
your  tank  will  cover  6'/i  acres. 

Find  how  many  pounds  of  formulation  are  needed 
to  apply  V4  pound  of  active  ingredient  per  acre.  There 
is  y>  pound  of  active  ingredient  in  I  pound  of  50 
percent  wettable  powder  formulation.  So  you  need  to 
usc%  pound  of  formulation  for  each.acre  your  sprayer 
will  cover, 

t  pound  per  acre  X       acres  per  lank  ful  =  6'-i  pounds  per  lankful 


You  should  add  the  bxA  pounds  of  wettable  powder 
to  a  small  amount  of  water  in  a  clean  bucket.  Stir  until 
it  is  mixed  well,  and  then  add  this  mixture  {called  a 
slurry)  to  the  partly  filled  tank.  Remember  to  operate 
the  sprayer's  agitator  while  adding  the  slurry  and 
filling  the  tank. 

Even  after  your  sprayer  is  calibrated,  you  should 
recheck  it  often.  Be  sure  you  are  spraying  the  same  size 
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area  Tor  each  tankful  as  you  figured  on.  If  you  are 
spraying  more  or  less  acres  than  you  planned,  stop 
spraying  and  recalibrate.  Jf  you  have  figured  wronger 
your  sprayer  changes  its  delivery  rate,  you  will  be  able 
to  catch  it  before  you  make  a  major  mistake. 

Calibration  of  dusters  and  granular  applicators. 
These  items  of  equipment  are  calibrated  as  follows: 

•  Read  the  manufacturer's  operator's  manual 
Follow  these  instructions  ■  to  -  set  the  gate 
openings  for  the  product  you  are  going  to  use. 

CAUTJON:  Always  set  the  openings  from  the  same 
direction.  Such  as  from  closed  to  open.  This  will 
minimise  variations  in  settings. 

•  Fill  each  hopper  to  an  easily  determined  level, 

•  Operate  the  equipment  over  a  measured  area  or 
distance  at  your  normal  working  speed.  The  area 
should  be  large  enough  to  use  25  percent  of  the 
hopper  contents. 

•  Refill  the  hopper  to  the  same  level,  weighing  the 
amount  of  pesticide  needed  to  replace  what  was 
used, 

•  The  amount  of  pesticide  it  takes  to  refill  the 
hopper  is  the  amount  applied  to  the  measured 
area.  If  the  amount  applied  does  not  fall  within  5 
percent  of  the  recommended  dosage  per  unit  of 
area,  resei  the  gate  opening  and  repeat  the 
previous  three  steps. 


•  Keep  a  record  of  the  area  treated  with  each 
filling  of  the  hopper.  This  will  let  you  see  any 
slight  change  in  rate  of  application  and  make  the 
necessary  adjustments.  ^ 

Exercises  (455): 

L    What  is  required  to  apply  a  pesticide  evenly  and 
accurately? 


2~  If  your  sprayer  has  a  tank  capacity  of  100  gallons 
or  more,  you  should  spray  an  area  largeenough  to 
use  how  much  of  the  tank  capacity? 


3.    What  is  the  best  method  of  changing  the  delivery 
rate? 


4.    What  is  a  pesticide  slurry  made  of? 


5,    When  setting  the  gate  opening  of  a  duster  or 
.  granular  pesticide  applicator,  you  should  use 

approximately   :   of  the 

hopper  capacity  and  then  check  again. 
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Answers  for  Exercises 


CHAPTER  1 

R  ef erence 

400  -  I.  .  Herbicide. 

400  -  2..  Ovicide  insecticide. 

4O0  -  3.  Contact. 

400  -  4t  Rodenticide. 

400  -  5.    Adulticide,  insecticide,  eontaet. 

400  -  6.    Preemcrgcnce  herbicide. 

400  -  7.  Araehntcide. 

400  -  7.  Stomach. 


401  -  1.  Plant:  animal:  mineral. 

401  -  2.  Organic. 

401  -  3.  Pari*  green. 
40J  -4.  DSMA. 
401-5.  Postern  ergence. 

40f  -  6.  Insure  thai  these  compounds  do  not  contaminate  any 
water  source  during  or  after  application. 

402  -  I.     a.  4, 

b+  J. 
e.  L 

402  -  2+    Because  they  break  down  within  the  environment. 
402  -  1  SMDC. 

402  -  4,    It  may  eause  naming  and  odor  problems. 
402  -  5.  Cholinetteraje. 
402  -  6.  Propoxur. 
\02  -  7.    a.  Wear  protective  clothing  and  equipment 
\  b>  Observe  the  rule  of  no  smokiug,  eating,  or  drinking 

M  while  handling  these  compounds. 
44|2  -  S.  SUudard. 


443 


1.  Orgauic.  plants. 

2.  Pyrethrum  U  unstable  and  is  readily  decomposed  by 
alkalies,  light,  and  Air 


403- 

y 

Strychnine. 

403  - 

4, 

Contact:  fnntigatiug. 

403- 

5+ 

*  Nicotine  sulfate, 

403  - 

6. 

Pyrethrurn, 

403  * 

7. 

Avoid  contamination  of  all  food  and  water  sources. 

404  - 

L 

Because  all  of  them  contain  chlorine,  hydrogen,  and 

carbon. 

404  - 

Because  ihcy  are  very  persistent. 

404  - 

3, 

Methoxychlor. 

404  - 

4 

They  are  produced  synthetically  from  plant  and  animal 

(organic)  matter. 

404  - 

5 

a.  Cert i Red  personnel. 

b.  Personnel  under  the  direct  supervision  of  certified 

404  -6. 


personnel. 

a.  4 

b.  :. 

e  I. 

d.  3.  ' 


405-  I. 

405  -  2. 
405  -3 
405 

405  -5. 
405  -  6. 


405^7. 


406-  L 
406  -  2. 

405  *  3, 

406  -  4. 
405  *  5. 


407  •  1. 
407  -  2. 
407  •  3. 
407  -  4. 
407  -  5. 


407  -6. 

408  *  L 
408  -  2. 


408-3. 
408-4. 


408 

40* 
405 

409 

409 


409  -3. 
409  -4. 


They  are  produced  synthetically  and  are  basically 
derived  from  phosphoric  acid. 
1970s.  t 
Resistant. 

Organophosate  compounds  are  biodegradable  and  are 
nooacciimulative  in  the  body  of  humans. 
Matathion;  para  t  hi  on;  diazinon. 


a. 

Malathion. 

b. 

Dichlorvos, 

e. 

NaJed. 

Dtazinott, 

e. 

Ours  ban. 

a* 

3, 

b, 

2. 

c. 

6, 

d* 

7. 

e. 

1. 

f. 

5. 

4. 

Translocated,  sterilanu* 
PBA  and  2,3.6,-TBA. 
Dicamba. 
Dicamba. 

Wear  protective  equipment  and  clothing, 

Sodium  sail,  selective  trans  locative. 
Preemergence.  postc  mergence. 
TCA. 
Grasses. 

a.  Do  not  apply  near  desired  vegetation. 

b.  Do  not  apply  near  irrigation  water. 

c.  Do  not  apply  wheu  heavy  rains  are  expected. 
Washed,  corrosive. 

Moderately. 

a.  They  are  not  likely  to  cause  irritation  to  skin  or  eyes. 

b.  They  are  not  absorbed  through  the  skin  to  any 
appreciable  extenL 

c.  TTie  amounts  likely  to  be  iu hated  are  rfol  hazardous: 

d.  Ingestion  of  harmful  amounts  is  not  likely. 
Herbaceous,  broad-Leaved. 

Si]  vex, 
Brush  killer 
Aquatic. 
Ester, 
MCPA 


Used  as  soil  sterilants. 

a.  2, 

b.  1,, 
c  j. 

Monuron*  diuron. 
a.  Wear  protective  equipment 
handling  these  compounds. 


and   clothing  while 
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Avoid  damage  to  desirable  plana  and  contamination 
of  wtier  sources. 


410-  I.  Soil  sterilants. 

4(0  -2+  SLmazine* 

410  -  3.  Simazine. 

410-4.  Atraxine. 

410  -  5.  Simazine, 


4JJ 


411-1 


411  . 
41 I 
41  I 

412  ■ 
412- 


-3+ 

■  4. 

■  5. 

L 
-2, 


412  -  3. 


a.  They  are  yellow  dyes, 

b.  They  arc  not  soluble  in  water  but  are  *  ulubfe  in  oil: 
They  are  highly  poisonous  if-swallowcd*  absorbed*  or 
Inhaled.  ' 

Nonselective  contact  herbaceous. 

DNAP;  DNBP:  DNC 

Because  of  this  toxicity  and  im practicality. 

Rodemicides,  blood  clots* 

By  reducing  the  clotting  ability  of  the  blood  which  causes 
internal  and  external  hemorrhaging  and  evenluaNy 
death. 

a.  Anticoagulants  must  be  ingested  in  small  acnountsfor 

teveral  day*  before  they  become  effective. 
b+  Cause  no  pain  to  the  rodents, 
c*  Bait  shyness  is  avoided. 


412 

•  4, 

Cumafuryl  (or  Fucnarin). 

412 

-  5. 

Diphacinone  {or  Diphacinl 

412 

-6. 

Hydroxycoumarin  (or  warfan 

412 

-  7r 

PivaL 

412 

-a. 

Ptval. 

412 

-9. 

Diphacin, 

412 

-  10. 

Seven, 

413 

- 1. 

e. 

2. 

c. 

3. 

f. 

4r 

b. 

5. 

d. 

6. 

g- 

7. 

a. 

**■ 

Sodium  monofluoroacetate. 

9. 

Sodium  mono  fkioroace  late. 

10 

Thallium  sulfate. 

11. 

Tanar  emctk. 

414 

*  L 

a.  (ll  Heavier  than  air 

f2)  Odorless. 

il)  Nonflammable, 

(4)  Gas  fumigant. 

b.  (11  Treating  .for  dry  wood  termites. 

(2)  As  a  herbicide  to  kill  seeds,  nematodes,  and  soil 
fungj, 

c.  Standard  atock  item. 

d.  {[)  Protective  clothing  and  equipment  to  include 

a  gas  mask  and  eannister  that  is  appropriate  for 
the  fumigant* 
(2)  Avoid  explosions  and  fires. 
"(31  Post  warning  signs  and  seal  off  area. 
414-2.    a,  (I)  Has  rapid  molecular  action, 
(2)  Highly  explosive. 

b.  Used  for  fumigating  stored  products  pests  in  non- 
perishable  subsistence  items  in  transit  and  in  place. 

c.  Standard  stock  item, 

d.  i\)  Wear  protective  equipment  and  clothing  when 

entering  or  clearing. 
Q)  Avoid  explosion  and  remove  all  gold  items. 
(J)  Pose  warning  sign*. 
414  -  1    a,  (I)  Greyish- white  compound. 

iZ\  Powdered  or  granular  form. 
i$)  Produces  hydrocyanic  acid* 

b.  Gassing  rodent  burrows. 

c.  Standard  stork  item. 

d.  (H  Must  stand  upwind  and  have  appropriate  gas 

mask  and  ca muster  available, 
(2)  Must  not  use  near  buildings  occupied  by  people, 


415  - 

i 

1. 

415  - 

2. 

415  - 

3, 

415- 

4, 

r. 

415- 

5. 

415- 

6. 

415  • 

7 

$• 

415  • 

8, 

b. 

415  * 

9r 

h. 

415  * 

10. 

416  - 

|f 

416  - 

2_ 

J" 

4J6- 

3. 

h+ 

416- 

4- 

c+ 

4  to  • 

c 

J> 

Mm 

416  - 

6, 

r_ 

416  - 

7, 

e. 

416- 

&. 

d. 

416- 

9, 

b. 

417- 

L 

Sc 

417-2, 


417-3, 


417  -  4. 


418  -  1. 


418-2. 


419-2, 


419-3, 
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X  =  BX  pXO.5 
X  -  60  X  J00  X  0  5 

X  =  3000  (Answer;  3000  sq  ft) 

Square  foot  formula  for  circles 
X-  trR2 

X  ■  3.14  X  50  X  JO 

X  =  7B50  (Answer  7£50  sq  ft) 

Square  foot  formula  for  rectangles 

X  =  W  X  L 
X~5  X  70 
X  =  350 

Cubic  foot  formula 
X- WX  Lx  H 
X  =  30X  70X  80 
X  =■  57300 


(Answer  350  aq  ft) 


(Answer:  37300  sq  ft) 


Formula  for  rectangular  containers 

X  =  LXWXDX0.004329 

X  =  4X  3X  1,5X0.004329 

X-48X  36X  18X  0.00433$ 

X  -  134.649  (Answer  J 34.65  gallons) 

Formula  for  cylindrical  containers 

X  =  L  X  D2  X  0.0034 

X  m  4  X  3  X  3  X  0.0034 

X=48X36X  36X  0,0034 


X  =  211.507 

419-1.     X  =  0X« 
16 

X  =  93 

16 


X  =  ^ 
16 

X  »  348,75 


[Answer  211,51  gallons) 


< Answer  148,75  pounds) 


(Answer:  5  miles  per  hour) 


Speed  -    dispersal  rate  per  hour 
quantity  per  mile 

Speed  = 

7 

Speed  *  5 

fn  solving  (his  problem,  you  should  use  two  steps.  The 
First  step  is  to  determine  the  total  square  feet  within  the 
area  and  the  second  step  is  tp  determine  the  total  amount 
of  finished  product  thai  is  required. 
Step  J:  The  total  square  feet  within  the  area  to  be 
treated  is  determined  by  using  the  square  foot  formula 
for  rectangles  in  objective  417. 

Formula:  Total  square  feet  -  width  X  length 

X  -  W  X  L 


0 

ERIC 


X  ■  10  fart  x  J  milca  {mtle*  must  be  converted  into 

I be*r  feet  by  multiplying  3  x  5,2fi0) 
X  -  10  x  15.840 

X  -  L56.400         (An&wer  for  ilea  1;  1 58,400  sq  ft) 

5«p  2:  IndetermininB  the  tou]  amount  of  finished 
product  that  ia  required,  the  formula  for  calculating 
quantity  of  finished  product  should  be  used. 
Formula:      Quantity  required 

_  square  feet  x  quantity  per  acre 
43,560  (aqua re  feet  in  an  acre) 

=    158.400  (from  step  I)  x  75 
43.560 

=    1 1 .880.000 


420-4. 


43.560 


419-4. 


4l?-5, 


=  27172  or  273 
(Answer  273  gallon*  of  finished  product) 
Speed  in  feel  per  minute. 
»      43T560  x  [b  dispersed  per  min. 

Swath  width  xibdisperwd  per  acre 

m  43.560  x  8 
3750 

*  92*928 

Speed  in  miles  per  hour  =*  1.056  [92,928  *  88) 

(Answer  L06  mph) 
Quantity  rate  per  acre 
=  43.560  x  quantity  dispersed  per  mm. 

Swath  width  x  speed  in  feet  per  min. 


420  - 6. 


=  43^60*4 
90X440 

c  |74T24fl 
39.600 

-  4.4 


(5  mph  converted  into  Feet  per  minute) 


(Answer:  4r4  pounds  per  acre) 


420-  L 


SAC  Formula  {Example  4) 
0  -  S  X  A 


C 

1  x  300 
20 

200_ 
20 


421  -  I 


Q  -  10 


f  Answer:  10  gallons) 


420  -  2.     SAD  SAC  formula  {Example  6) 
n  3  S  x  A  x  D 


0,5  *  100  x  8.34 


421  -  2. 


Q=  4I7_ 
Q=  IW8 


^Answer:  1 1>  6£  pounds) 


420  -  3.     SAD  COW  formula  (Example  9t 
q  =  S  x  A  x  D 

CO  x  W 
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I  xJOxJM 
100  x  L5 

7 
150 


Q  =  179 

Proportional  formula 
X  =     -  1 


0.5 


(Answer  178  gallons) 


0.025 


X-32- 
I 


i 


i 


(Answer  1  to  19  ratio) 
420  -  5.    SAC  formula  {Example  3) 

Q 


S  X  A 


2x  5 
25 


Q-J£ 

25 

-  0.4  pounds 

5 AD  SAC  formula  {Example 6) 
q  ^  S  x  a  x  p 


(Answer  6.4  ounces)  r 


0  = 


_  I  x  2  x  S.34 


10 


0- 


16.68 
10 

1.668 


(Answer:  1.67  pounds) 


Product  rale  formula  for  liquids 
Product  rate  per  acre 

^  standard  rate  per  acre 


16  or  Al  per  gal 


_5^ 

2 

25 


(Answer:    15  gallons) 


In  solving  this  problem,  you  should  use  two  steps,  The 
first  step  is  to  determine  the  acre-feet  of  water  contained 
in  a  body  of  water  and  the  second  stepistodetermmeihe 
total  product  of  herbicide  required  to  treat  the  body  of 
water. 

Siep  /.  Aere-feet  of  water  formula 

Acre-Feel  of  water  =  surface  acres  x  average  depth 

Acre-feet  of  water  =12X5 

Aere-fe-t  of  water  m  60 

Step  7-  Quantity  of  total  product  for  ppm  application 
formula 

Total  product  —  Parts  per  million  X  aerc-fcei  of  water  x 
2J 

Total  product  *  2  x  60  x  17 

Total  product  -  324  (Answer:  324  pounds) 


42 J  -  3.    Product  rite  formula  fot  dry  formulations 


Product  rate  per  acre J 


100 
%Al 


X  standard  rate  per  acre 


Produci  rate  per  acre  * 


100 

75 


x  5 


Product  race  per  acre  ■  6.666 

(Answer  6.67  pounds) 

1.  V 

2.  e. 

3.  a. 

4.  d. 
5>  e. 

100  microns. 


422  -  1. 
422  - 
422  - 
422  - 
422  - 
422  -2. 
422  -  3.  Size, 
422  -4.  Increase* 


423  -  J.  Ecology  is  defined  a*  the  study  of  the  relationship  of 
living  things,  the  environment  they  live  in.  and  their 
relation  to  other  living  things* 

*23  -  2.  It  b  a  very  thin  laye*  of  life  within  the  environment 
and  consists  of  biotic  and  abiotic  dementi. 

423  -  3.  Carbon. 

423-4.    Green  plants  transpose  carbon  dioxide  into  oxygen 
which  is  required  by  animals:  the  animals  then  expel 
carbon  dioxide  which  is  required  by  plants. 
423  -  5,    They  provide  nonliving  elements  that  are  essential  for 

growth  and  development  of  living  elements. 
423  -  6,    Green  plants  and  consumers  of  green  plants, 
423  -7.    Green  plants,  , 
423  -  8.    Animals  provide  esseWtial  organic  matter  to  the  soil  to 

suppon  plant  growth. 
423  -  9,    Phytoptanfctans  consist  ofgfecn  plants  and  consumers  of 
green  plant  matter  and  produce  70  percent  of  the  earth's 

organisms  that  float  about  in  various  bodies  of  water. 

423  -  10.  Bacteria,  fungi,  and  protozoa  act  as  decomposers  of 

plants  and  animals  which  return  essential  organic 
matter  to  the  soil  to  support  more  plant  growth;  which 
in  turn*  supports  animal  growth 

424  -  J,    a.    Food  production, 

b.    Property  protection. 

e.    National  prosperity. 
424  -  2. .  a.   Reduces  arthropod  related  diseases. 

b.    Reduces  venomous  arthropods. 
424  -  3<    Only  if  pesticides  were  continually  used  without  proper' 

knowledge  of  their  hazards  and  without  concern,  v 
424  -  4.    The  effect  they  may  have  on  nontarget  organisms. 
424  -  5.    Direct  application*  drift,  and  rain. 
424  -  6.    Rain  can  contaminate  soil  with  pesticides  by  cleansing 

the  armosphere.  trees,  shrubs,  grasses,  and  structures 

of  suspended  panicles. 
424  -  7.    One  that  does  not  break  down  easily  or  quickly. 
424  '  8,    The  toxicity  JeveJ  can  increase,  through  the  series  of 

eating.and  being  eaten.  loathe  point  of  causing  many  ill 

effect*  to  the  body  and  possible  death. 
424  *  9.    Toxic,  original 

425-  I.    a-  Determine  if  pest  management   programs  are 
required, 

b.  If  requirement  exisiti.  implement  preventive  and 
corrective  nonchenucal  control  when  possible. 

c.  If  chemical  controls  are  required,  implement  safe  and 
effective  chemical  controls. 


"425  -  2.  Surveying. 

425  -  3,    Only  after  it  has  been  determined  that  natural  controls 

will  not  be  adequate. 
425  '  4r    Preventive  and  corrective  nonehemicaf  controls. 
425  -  5.  Yes, 


425-  6,    Because  thay  are  designed  to  forestall  the  buildup  of  pan 

populations  and  they  are  almost  always  more  effective 
and  economical  in  the  long  run. 
42S  -  7.    Timely,  sustained. 

425  -  t.  Because  of  inadequate  or  improper  rnechaniciJ  measures 
or  because  of  natural  disasters  and  migrating  pest 
invasions.  * 

425*-  9.    Type,  location. 

425  -  10.  It  is  of  utmost  importance  to  mix  and  apply  pesticides  in 

accordance  with  the  pesticide  label 

426  -  1.    a<   Use  pesticides  only  when  absolutely  necessary. 

b.   Adhere  stfictJy  to  label  tiuinictions. 
426  -  2.    The  ability  of  a  pest  population  to  withstand  pesticide 
treatments  that  were  generally  lethal  to  earlier 
populations. 

426-  3.    The  ability  of  one  or  more  pests  within  a  pest 

population  to  withstand  pesticide  treatments  that 
are  lethal  to  others  within  the  population. 

426  -  4.    Habitat;  avoidance. 

426  -  5.    Inherited;  acquired. 

426  -  6.    a.  Poison  is  absorbed  too  slowly  to  receive  a  lethal  dose 

by  some  members  of  a  pest  population, 
b.  The  ability  to  effect  alternate  functions  of  body 
systems  by  some  members  of  a  pest  population. 

427  -  I.    The  likelihood  that  the  compound  will  cause  death  or 

injury  in  a  given  situation. 
427  - 1.    The  ability  of  a  compound  to  cause  death  or  injur  when 

used  in  a  particular  way  or  place. 
427  *  3.    It  meant  the  lethal  dose  of  toxicant  required  to  kill  50 

pevoent  of  the  test  animals  expressed  in  milligrams 

of  toxicant  per  kilograms  of  body  weight. 

427-  4.  50-500mg/k& 

427  *  5.  After  the  approximate  amount  of  toxicant  required  to 
kill  has  been  determined  on  single  test  animals,  a  series 
of  tests  are  conducted  on  groups  of  animals  that  arc  as 
close  to  being  identical  as  possible  with  appropriate 
interim,  adjustments  being  made  in  toxicant  dosages 
until  50  percent  of  the  test  animals  within  each  of 
several  test  groups  are  killed. 

427  -  6.    In  the  exposure  routes. 

427  -  7.  Less. 

427  -8.    Moderately,  low-order. 


CHAPTER  2 

42B  *  J,  Because  different  pests  require  different  controls  and 
therefore  require  different  types  of  equipment, 

428  -  2.  Environmental  conditions  such  as  wind  velocity,  water 
sources,,  and  the  ^"rience  of  beneficial  plants  and 
animals  must  be  considered  when  selecting  equipment* 

428  -  3.    Effective,  safest. 

428  -  4.    Available,  effectively,  safely. 

428  *  5.  Safe. 

428  -  6.    Cost,  cheap. 
428-7.  Durable. 

429  -  L  f. 
429  -  2.  d. 
429  -  3.  a. 
429  -  4,  gr 
429  -  5.  c. 
429  -6.  c. 

429  -  7,  b, 

430  -1.  e. 
430  -  2.  a. 
430  -  3. 
430  -  4, 
430  -  5.  f. 
430  ♦  6.  d. 
430  -7.  c. 
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431  -  1, 

c* 

440 

.  |  + 

431  -  % 

b 

440 

-2. 

431  -  3* 

d. 

440 

-  3. 

431  -4, 

a. 

440 

*  4. 

432  -  1. 

c- 

440 

-5. 

432  -  2, 

f* 

441 

-  1. 

432  -  3, 

a. 

2. 

432  -  4. 

b* 

3, 

432  -  5< 

eh 

4. 

432  -  6* 

o\ 

* 

5* 

6* 

433  -  1. 

Polyethylene. 

7. 

433  -  2, 

Pack  tag  material* 

442 

_  | 

433  -  3. 

S  &  rid  make. 

442 

433  -  4  #  Tape  measure* 

442 

*»  x 

433  -  5. 

Fans, 

433  -  6, 

Aluminum  tray. 

442 

-  4. 

433  -  7. 

Metering, 

442 

-  5t 

433  -  8. 

Tray. 

433  •  9* 

In  ft  moisture  permeable  envelope. 

442 

-  ** 

433  -  10. 

Fumigated. 

442 

-7, 

433  -  1 1. 

Respiratory. 

443 

434  -  L 

c* 

AA  "t 

J 

434  -  2, 

d* 

AA  "t 

J* 

434  -  3. 

a, 

443 

.  4 

434  -  4* 

b* 

•w; 

*,  5, 

435  -  1* 

Carbide  exploders*  revolving  flashera,  and  sound 

444 

-  1, 

recorder!. 

444 

-  2. 

435  -  I. 

Base  commander. 

444 

-  3. 

435  -  3. 

Quick. 

444 

-4. 

435  -  4. 

Dan. 

444 

-  5+ 

435  -  5. 

Poured* 

444 

-  A. 

435  -  6. 

Dragging*  laying. 

444 

_  *}t 

435  -  7. 

By  using  drip  cans. 

435  ■  8* 

Paint  1?  rushes. 

445 

445 

436  -  1. 

445 

-  3, 

b.  l 

AA* 

it; 

»  4* 

c.  2 

AA< 

J 

-  j. 

d,  2,  3.  4 

¥tJ 

-  D. 

c.  I 

JJ< 

_  7 

f.  * 

D 

-  v. 

436  -  2, 

a*  Type  of  pump. 

446 

-  L 

b*  Pesticide  forroulatiqiL 

446 

-  2* 

c.  Pressures. 

446 

-  3. 

d    Corrosion,  abrasion. 

446 

-  4. 

e.  Dry*  restricted, 

446 

-  5. 

437  -  L 

d. 

446 

-  6, 

437  -  2, 

b. 

446 

-  7, 

437  .  3 

e. 

437  -  4. 

a. 

447 

-  i. 

437  -  5. 

C-  " 

447 

_  2* 

.  447 

-  3. 

43B-  1. 

438  -  1 

b* 

447 

-  4. 

438  -  3. 

d 

438  -  4. 

a. 

447 

< 

447 

-  6, 

Technical  orders*  technical  manuals*  NAV  DOCS* 

447 

-  7* 

439  -  1 

447 

technical    information    memo  rand  um§,  commercial 

manuals,  standard  operating  procedure,  and  operational 

44g 

_  | 

instructions 

448 

448 

-  3* 

439  -  2. 

a*  True 

448 

-  4. 

b.  False 

448 

-  5* 

c.  True 

448 

-fc 

d.  True 

448 

-7* 

e.  True 

448 

-8* 

To  determine  if  the  equipment  ii  operational*     a  \jt 
Before  each  use.  Qtf*  j 

You  mutt  perform  a  preoperational  inspection* 
That  the  equipment  can  be  operated  correctly  and  safely,  * 
To  reflect  a  true  professional  pest  manager. 

U 

j- 

e. 

a,  h* 

d* 

b* 

To  facilitate  treatment  of  overhead  beams  and  rafter** 

Checking  the  rubber  cylinder  for  cracking  and  splitting. 

Incur*  that  the  bulb  it  not  cracked  and  the  nozilc  w 

fitted  lightly  and  ia  not  clogged* 

Siphon  Atomizer  pump  assembly. 

Keep  the  wind  to  your  back  and  let  the  dust  blow 

downwind  from  you. 

Fumigating  rodent  burrowi* 

Normal  walking  step  taken. 

b* 

d,  f. 

e,  g* 
a* 

e. 

Boom, 
Spray,  mist* 

The  battery  water  level*  and  the  terminals  and  cables. 

Leaks* 

Wate^  talc* 

Jewelry,  form  fitting  protective  eiothmg. 
Upward* 

20  to  800  psi*  they  are  controlled  by  suitable  regulators, 
50  to  600  gailons. 
By  a  rotating  agitator* 
200,  trailer* 
I,  10, 

1800,  2800. 
Manual*  operated* 
Maximum* 

The  air  blower  the  fuel  pump,  and  ihe  insecticide  pump* 
800,  1200* 

It  condenses,  forming  very  small  droplets  or  fog. 

It  is  normally  40  to  120  gallons  per  hour  with  Ihe  machine 

moving  at  5  to  10  miles  per  hour. 

5,  25. 

■No*  2  dicsel  oil 
1200. 

By  mechanical  pneumatic  means. 
Water,  oil 

It  is  less  likely  to  cause  burning  of  vegetation  or  to  have 
less  Ere  or  explosion  hazard, 

S^eed  of  rotation,  delivery  rate,  and  viscosity  of 

insecticide. 

High. 

J.  2.  engine  rpm. 
0.6  gprrv 
15,  20, 

5,  16* 

Half-ton  pickup. 

s.  ir 

12. 

78,  85.  12.  17. 

By  the  engine  and  pump  rpra* 
2500,  900. 

Leaking  coupling,  fittings  and  hoses,  and  Loose  belts* 
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ierJc 


451 

45  I 

451 
451 


431 
43! 
43  J 
431 
431 


449 
449 
449  . 
449 
449 
449 
449  ■ 
449 

450 


450  -  2, 
450  -  3. 


45J  -  t. 


451  ^6. 


7. 
8, 
9. 
LO, 

II, 


45  I  -  12. 

45i  -  a 


Mai  merit  nee  performed  by  personnel  within  the  section. 

and  includes  operator  maintenance. 

Cleaning,  servicing,  adjusting,  repairing,  replacing,  and 

calibrating, 

Appropriate  publications, 

a,  Prevent  damage  to  protective  coatings  and  imemil 
parts* 

b.  Reduce  contamination  hazard*. 

Flushed. 

Prior  to  washing. 

Pesticide  particles  would  redeposit  on  exterior  surface*. 

Formulation  tank,  pump,  hoses*  and  nozzle*. 

With  kerosene  or  No.  4  grade  fuel  oil,  never  with  water. 

Water,  solvent* 

Engine. 

Water, 

Vacuuming. 

Wiping,  damp.  dry. 

Steam. 

Waxed. 


<30S 


452  -  I.  C 

452  -  I.    I,  the  equipment  may  operate  but  could  be  damaged, 
432  -  3,    I,  lotne  equipment  requires  special  fuels  or  a  mixture 

of  gasoline  and  oil;  failure  to  use  the  proper  fuel 

cause  damage. 


432  -  4.  C* 

432  -  3.  C. 

432  *  6,  I,  SAE  90W  nondetergeru  for  gear  boxes;  SAE  30W 

detergent  for  crankcawa. 

432  *  7>  I,  Only  on  unsealed  fittings. 

432  -  8.  1»  Some  engines  are  liquid  cooled,  and  water  levels  mutt 
be  maintained* 

432  -  9.  C. 

432  *  10.  L  Some  hydraulic  spraycra  have  pressure  domes 

requiring  air. 

432-  II.  C. 

433  -  J*  Publication. 
433  *  2.  Adjusted. 
433  -  3*  Gap. 

433  -  4.  Porcelain* 

433  *  3*  Equipment  manufacturer's  specification*. 

433  -  6.  Rough. 

433  -  7*  No. 

433  -  S.  Adjustments. 

433  *  9*  By  the  amount  of  flow  desired  or  engine  rpm  desired*  * 

433  -  10,  Improperly  aligned  pulleys. 

457  -  II*  3/4. 

4M-I.  C. 

454  -  2,  (,  Parts  should  be  replaced  wben  possible  since  it  is 
less  expensive. 

454  *  3.  I,  Parts  should  be  kept  on  hand  to  expedite  repairs. 

454  -  4.  C* 

454*3.  I,  These  items  usually  do  require  frequent  repairs* 

454  -  6,  C 

435  -  1,  Your  sprayer  must  move  at  a  constant  speed: 

435  -  2,  At  least  10  percent 

435  -  3*  Change  the  nozzle  tips* 

433  -  4,  Weltabk  powder  and  water. 

455  -  5.  23  percent 
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STOP-  1.  MATCH  ANSWER  TO  THIS  EXERCISE  NUMBET?. 

2.  USE  NUMBER  2  PENUlL  ONLY. 

EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 
56650  03  21 
PEST  MANAGEMENT  r  CHEMICALS  AMD  EQUIPMENT 

Carefully  read  the  following: 
PO'a: 

1.  Check  the  "course,11  "volume,11  and  "form"  numbers  from  the  answer 
sheet  address  tab  against  the  "VRE  answer  sheet  identification 
number"  In  the  rightiiand  column  of  the  shipping  list.  If  numbers  do 
not  match,  take  action 'to  return  the  answer  sheet  and  the  shipping 
list  to  SCI  immediately  with  a  note  of  explanation . 

2.  Note    that    iters    numbers    on  answer    sheet  are    sequential  In  each 

3.  Use  a  medium  sharp  #2  black  lead  pencil  for  marking  answer  sheet* 

4.  Write  the  correct  answer  in  the  margin  at  ,  the  left  of  the  item. 
(When  you  review  for  the  course  examination r  you  can  cover  your 
answers  with  a  strip  of  paper  and  then  oheok  your  review  answers 
against  your  original  choices.)  After  you  are  sure  of  your  answers, 
transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 
on  the,  answer  sheet,  be  sure  that  the  erasure  la  complete.  Use  a 
clean  eraser.  But  try  to  avoid  any  erasure  on  on  the  answer  sheet 
if  at  all  possible. 

5-    Take  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  mandatorily  enrolled  .  student,  process  questions  or  comments 
through  your  unit  trainer  or  OJT  supervisor.  If 'voluntarily 
enrolled  student,  send  Questions  or  coranents  to  ECI  on  ECI  Form  17. 

PON'Ts: 

1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for 
each  review  exercise* 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks. 
Double  marks  or  excessive  markings  whioh  overflow  marking  blotiks 
will  register  as  errors* 

3.  Donft  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 
iJ*    DonTt  use  Ink  or  any  marking  other  than  a  #2  black  lead  pencil. 
NOTE:    NUMBERED  LEARNING    OBJECTIVE  REFERENCES    ARE  USED    ON  THE  VOLUME 

-  REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the 
VRE  is  tile  Learning  Objective  Number  where  the  answer  to  that 
item;  can  be  located.  When  answering  the  Items  on  the  VRE,  refer 
to  the  Learning  Objectives  indicated  by  these  Numbers  The  VRE 
results  will  be  sent  to  you  on  a  postcard  which  will  list  the 
actual  VRE  items  you  missed.  Co  to  the  VRE  booklet  and  locate 
the  Learning  Objective  Numbers  for  the  items  missed.  Go  to  the 
t6xt  and  carefully  review  the  areas  covered  by  these  references. 
Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  Examination. 
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.  MULTIPLR  CBOfCB 

(1400)    Which  insect  stages  are  usually  controlled  with  insecticide? 


a*    Pupajy  and  adult, 
b.    Egg  and  larval. 

UOO)    Wiioh  one  of  the  following  systems  is  attacked  by  fumigants? 


c.  ...Larval  and  adult. 

d.  Egg  and  pupal. 


^7 


a.  Digeitive. 

b.  Nervs. 


c.  Circulatory • 
d-  Respiratory. 


(401)    Wiich  one  of  the  following  pesticides  is  a  postemergence 
herbicids  and  a  standard  stock  item? 

a.    Coppar  aceto-aeta-arsenite  (paris  green)* 

b»    D iso li urn  monome thy 1 arsenate  (DSMA).  , 

c.  Mono  sodium  methanearsonate  (MSMA)* 
d*    Anno llum  methanearsonate  (AMA). 

(1401)  Iiorganio  arsenicals  are  undesirable  for  use  as  pesticides 
because  they 

a.  remain  stable  for  long  periods  of  time* 

b.  are 
o.  are 

d.  are 


boo  short  lived, 
ineffective  for  many  pests, 
rery  difficult  to  apply. 


(1T02)  Hat  do  carbamates  differ  from  hydrocarbon  and  organophosphate 
insecticides? 

a.    By  tieir  chlorine  and  phosphorus  content. 


b.  They 

c .  They 


d.    By  tieir. lack  of  chlorine  and  phosphorus. 


6.     (403)  S 


a.  Rodents* 

b.  Plants- 


contain  hydrogen  instead  of  nitrogen* 
are  noncontact  insecticides* 


rychnine  ia  used  to  control  whioh  of  the  following? 


c.  Iasects. 

d.  Arachnids. 


(404)  ftTiich  of  the  following  organochlorines  is  considered 
the  safest  insecticide? 


a-  Chlo'decone* 
t>.  Wethorychlor. 


c.  Lindane. 

d.  Chrordane- 
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P-     C 405 )    Which  of  the  follc^ng    nsecticidet  cci  be  incorporated 
j      into  resin  stripes  to  give  off  toxic  vapors  for  long  periods  of 
■  time? 


a.  Dichlorvas. 

b.  Malathion. 


c.  Dimethorte- 

d.  Naled. 


4> 


(405)  Which  of  the  following  insecticides  has  been  limited  to 
tick  and  mite  control? 


a,  Parathion, 

b .  Itabon . 


c-  Sonnel, 
d*  Fenthion. 


10,  (406)    Which  of  the  following  pests  is  controlled  by  the  use  of 
benzoic  acid  compounds? 

a.  Spiders  and  mites, 

b*  Mosquitoes  and  flies* 

c.  Perennial  and  annual  weeds. 

d.  Cockroaches  and  bedbugs, 

11.  (406)    Vbatt  precautions  must  be  taken  when  using  benzoic  aoid 
solutions?^ 

a.  Be  alert  for  fire  and  explosion.  ^ 

b.  Do  not  use  on  broad  leaf  plants, 

c-    Apply  on  windy  days  to  insure  flood  coverage, 
d.    Wear  protective  olothing  and  avoid  drifts- 

12-    (407)    Aliphatic  Acid  herbicides  should  not.be  utfed  when  heavy 
rains  are  expected  because  they 

a*  will  be  diluted  and  ineffective. 

b.  leach  out  of  top  soils  and  affect  other  areas. 

c.  are  incompatible  with  water  and  become  poison  to  animals. 

d.  will  increase  in  strength  and  kill  all  vegetation* 

13.    (408)    The  phenaxy  formulations  are 


a.  moderately  toxic, 
b*  corrosive- 


c-  highly  toxic* 
d.  nontoxic*' 


14.     (408)    2,  4-D  is  commonly  used  as  a 


a  *  Soil  s teril ant . 

b.  general  herbicide* 

c,  selective  herbicide- 

d>  combination  herbicide  and  insecticide. 
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15\    (409)    Phenylureas  are  used  as 

a;    general  herbicides.  c.    growth  retardants. 

b,    selective  herbicides,  d*    soil  sterilants* 

16-  (409)    What  type  of  soil  is  beat  suited  for  the  application  of 
monuron? 

a*    Sandy  soils  with  hi^i  organic  content, 
b*    Sandy  soils  with  high  mineral  content, 
o.    Tight  clay  soils  with  hl&i  mineral  content, 
d-    Tight  clay  soils  with  hi^i  organic  content* 

17-  (410)'  When  is  Simazine  most  desirable  to  use  as  a  soil  sterilant? 

a.  When  you  do  not  want  to  kill  aquatics  plants. 

b.  When  selected  plants  are  to  be  killed* 

c.  Where  the  soil  has  a  high  clay  content* 
Where  any  plant  growth  is  undesirable. 

18.    (410)    Atrazine  is  more  effective  in  dry  areas  than  Simazine  because 
Atrazlne  is 

a.  less  soluble.  c*    more  soluble* 

b.  more  penetrating*  d*    leas  penetrating. 

79.    fim)    The  parent  compounds  of  Dinltros  are  dissolved  in 

a:    oil..  c*  acetone* 

b.    water.  d*    salt  water* 

20.  (H12)    What  is  the  advantage  of  using  anticoagulants  for  killing 
rodents? 

a.  Small  dosage  reduces  hazards  to  humans  end  domestic  animals. 

b.  They  are  not  toxic  to  humans  and  domestic  animals* 

c.  Only  one  dose  is  necessary. 

d.  Rodents  shy  away  from  it  once  they  are  affected  and  leave 
the  premises. 

21,  (412)    The  precipitation  of  pival  from  natural  water  can  be  prevented 

by  ; 

a,  continuous  agitation*  c*    adding  a  stabilizing  agent* 

b,  adding  sodium  salt.  d.    using  distilled  water. 
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22-    {4135    What  is  one  ct  the  gre^te^  hazards  of  _Jdi.um  monL /luwaOetate 
(compound  1080)? 


a.  It  is  very  volatile. 

b.  It  is  absorbed  by  the  skin, 
c-  There  is  no  known  antidote, 
d.  Rodents  carry  the  poison  to  other  animals. 

23*    (413)    The  purpose  of  uaing  an  ultraviolet  light  screening  agent 
in  Resraethrin  is  to 

a.  make  it  easy  to  find  In  the  dark. 

b,  prevent  the  breakdown  of  the  material, 
c    decrease  the  life  of  the  material. 

d,    make  the  material  more  attractive  to  rata. 

24.    (414)    Which  of  the  following  fumigants  is  used  to  kill  rodents  in 
their  burrows? 

a.  Naphthalene.  c-  Dichlorvas. 

b,  Aluminum  phosphide,  d.    Calcium  cyanide. 

25-    (414)    Which  of  the  following  fumigants  is  used  to  control  vegetation? 

a.  Aluminum  phosphide.  c-    Calcium  oyanlbe. 

b.  SMDC  (vapam),  d.  Paradichlorobenzene. 

26,  (414)    What  is  added  to  methyl  bromide  to  act  as  a  warning  agent? 

a.  Sulfuryl  fluouride.  c-    Calcium  cyanide. 

b.  Aluminum  phosphide.  d,  Chloropicrin. 

27.  Uo5)    A  substance  that  produces  sensory  stimulation  is  called 

a.  an  attractant.  c    a  solvent. 

b,  a  dlssicant.  d.    an  emulsifler. 

28-    (415)    Sulfonated  oils  are  used  as  a 

a.  sticking  agent.  c.    wetting  agent. 

b.  masking  agent.  d.    synergist  agent. 

29,     (415)    Which  item  may  be  used  to  counteract  the  resistance  of 
insects  to  certain  chemicals? 

a-    Emulsifiers.  c.  Synergists, 

b.    Wetting  agents,  d,  1  Diluents. 
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30.    (1*15)    Select  a  desirable  characteristic  of  a  carrier, 
a*    The  carrier  must  produce  a  wettable  powder. 

b.  The  carrier  must  Improve  the  adhesive  quality  of  the  insectioide. 

c.  The  carrier  must  dissolve  the  high  concentration  of  pesticides 

d.  The  carrier  must  not  produce  any  breakdown  of  the  pesticidal 
cheat!  cal  • 

31-    (416)    The  purest  eomnercial  form  of  a  pesticide  is 

a.  a  dust.  c.  cryatalized. 

b,  granules,  d»    technical  grade, 

32.  (U16)    Pesticidal  granules  are  used  to 

a.  penetrate  dense  foilage* 

b.  stick  on  vertical  surfaces, 
c t  cover  porous  surfaces, 
d.  cover  metal  surfaces. 

33,  U16)    Solution  concentrates  that  are  diluted  at  their  destination 
are  called 

a*    emulsif iable  solutions.         c.    anticaJcing  solutions, 
b.    field  strength  solutions.      d.    wettable  powder. 

3^.    (416)    Emulsifiable  concentrates  consist  of  a 

a.  field  strength  solution,  wettable  powders,  and  an  emulsifying 
agent . 

b.  technical  grade  pesticide,  an  inert  carrier,  and  a  solvent. 

c.  technical  grade  pesticide*  a  solvent,  and  an  emulsifying  agent. 

d.  wettable  powder,  water,  and  a  solvent. 

35.  (416)    Emulsions  or  solutions  diluted  to  field  strength  are  called 

a*  emulsifiable  concentrates. 

b.  pesticide  solution. 

c.  finished  sprays, 

d.  inert  carrier. 

36.  (417)    Which  formula  should  you  use  to  determine  the  number  of 
square  feet  in  a  triangle? 

a.    X  =  B2, 
b-    X  z  B  x  P  x  -5- 
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c.  X  =  W  x  L. 

d,  X  z  W  x  L  x  H. 


37. 


(417) 
cubic 

a.  X 

b.  X 


Which  formula  should  you  uae  to  det*"*aine  the  number  of 
feet  In  a  room? 


B2. 

3  x  P  x  .5. 


c. 
d. 


W  x  L. 

V  x  L  x  H. 


39.  (418)    The  formula  for  calculating  the  eapaeity  in  gallons  of 
a  rectangular  container  is 

-a.    X  =  D2  x  L  x  .034,  c.    JtrLxHxDx-  00434. 

b.    X  =  H  x  L2  x  .  0429-  d.    X=LxDxHx  .004329- 

39-    C*I19)    You  are  to  apply  pesticide  at  the  rate  of  75  pounds  of 
finished  product  per  acre  with  equipment  that  dispenses  3  pounds 
per  minute  over  a  30~foot  swath.    Determine  the  speed  at  which 
the  equipment  must  travel  to  apply  the  pesticide  at  the  specified 
rate. 

a,  6.6  mile  per  hour.  c,    0.66  mile  per  hour,  ^ 

b,  3.3  mile  per  hour.  d.    0.066  mile  per  hour. 

40,  (420)    Pesticides  and  their  solvents  are  usually  prepared  on  a 

a.  volume  basis.  c-    PSI  basis. 

b,  weight  basis.  d.    PPM  basis. 


41.  (420)    How  many  ounces  of  50%  malathion  emulsifiable  concentrate 
must  be  added  to  water  to  produce  2  gallotfs  of  iof  malathion? 

a.  5.T2  ounces.  c.    51.2  ounces, 

b.  25,6  ounces,  d.    76.8  ounces* 

42,  (420)    Kow  many  pounds  of  water* dispersible  powder  must  be  added 
to  100  gallons  of  water  to  prepare  a  2,5$  malathion  suspension 
from  50 t  wettable  powder? 

a.  83. 4  pounds.  c.    25.4  pounds. 

b,  41,7  pounds.  d,    4.17  pounds, 

43*    (421)    How  many  pounds  of  total  product  will  be  required  to  treat 
,six  acre-feet  of  water  at  the  rate  of  2  ppm? 

a.  12.2.  c.  32.4. 

b.  24.1.  d.  6K3- 

H4.    (1122)    Dust  particles  with  a  size  of  about  175  micron  are  classified 

as  ,  - 

a.  <;oarae.  c-  medium. 

b.  fine.  d.  minute. 
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45.    (422)    Dust  particles  with  a  sis?  of  44  microns  or  leu  are 
considered 


46.  (422)    The  effectiveness  of  a  pesticide 

a.  decreases  with  an  increase  of  its  exposed  surface. 

b<  decreases  with  a  decrease  of  its  exposed  surface, 

c-  increases  with  a  decrease  of  its  exposed  surface, 

d*  increases  with  an  increase  of  its  exposed  surface. 

47.  (423)    Select  the  two  kinds  of  ecosystem  elements  that  exist  in 
the  biosphere. 

a.  Biotic  and  natura^*  c.    Abiotic  and  natural - 

b-    Biotic  and  abiotic.  d.    Natural  and  nitrogen*  - 

48.  (423)    The  basic  cycle  within  the  ecosystem  is  the 

a-  hydrogen  phosporous  cycle*  c-  oxygen  cycle, 
b*    nitrogen  cycle.  d.    carbon  cycle. 

^9.    (424)    The  problem  of  pesticide  drift  is  greatest  during 

a-    fogging  application.  c.    dusting  application. 

b.  aerial  application.  d,    flooding  or  raining. 

50.    (425)    Pesticides  shoulti  be  used  only  when 

a*  no  other  technique  will  do  the  job. 

b.  the  area  is  over  populated  with  pests* 

c>  mechanical  devices  are  not  effective, 

d,  biological  methods  are  not  effective* 

51-    (425)    The  least  desirable  technique  of  corrective  controls  is 

a-    legal  controls-  c.    preventive  controls. 

b .  natural  controls .  d .    routine  programming. 

52.     (426)    In  what  two  forms  does  resistance  to  pesticides  occur? 

a.  Physiological  and  behaviouristic.  1 

b>  Detoxification  and  absorb tion. 

c.  Habitat  or  detoxification. 

d.  Storage  and  excretion. 


a .  fine  * 

b.  coarse* 


c, 
d* 


medium* 
minute* 
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53*    (426)    Pesticide  poisoning  occurs  as  a  result  of 


a:  bio-physical  imbalance.  J 

b.  blockage  of  life  functions. 

c.  routine  pesticide  poisoning. 

d .  detoxification ,  ' 

5^-    (427)    Which  of  the  following  statements  best  describes  the  toxicity 
of  a  pesticide? 

a.  A  compound  that  will  cause  death  or  injury  in  a  given  situation. 

b.  A  compound  that  has  tfie  ability  to  cause  death  or  ifljury. 

c,  A  compound  which  represents  a  variable  quantity. 

d,  A  compound  in  which  the  amount  of  danger  will  vary  with  its 


55/    (427)    What  does  the  50  represent  in  LD50? 

a.  The  solution  is  half  and  half. 

b.  50%  of  the  solution  is  toxic. 

50%  of  a  test  group  is  killed  by  a  measured  dosage, 
d*  *  The  toxicity  of  the  pesticide  is  50f* 

1 

56*    (427)    What  tenns  are  used  to  express  the  exposure  routes  of 
toxicity? 

V.    Oral  and  dermal*  c.    Mouth  and'skin. 

b*    Lungs  and  skin*  d.    Intravenous  and  digestive* 

57,  (428)    When  you  are  selecting  special  equipment  to  be  used  for 
a  particular  pest  management  situationt  you  should  refer  to  the 

a.  Table  of  Insects.  c*    Table  of  Equipment. 

b.  Table  of  Allowance*  d.    Cost  vs  Life  Table.  ' 

58,  (428)    Which  of.  the  following  faqtors  is  most  important  when  selecting 
pesticide  dispersal  equipment? 

a*    Cost.  . c.  Durability, 

b .    Safeness *  d,    Effectiveness  * 

59*    (429)'  Which  of  the  following  pieces  of  spray  equipment  13  most 
widely  used  by  pest  managers? 

a.    Compressed  air  Sprayer, 
.b,  '  Disposable 'aerosoX  dispenser* 
c*'    Refillable  aerosol  dispenser* 
d*    Siphon  atomizer. 


location. 
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60*    £429)    Select  the  piece  of  equipment  that  operate*  *  Ike  a  siphon 
atomizer 

a-    compressed  air  sprayer*         c.    paint  sprayer, 
b.     aerosol  dispenser,    (  d.    pistol  sprayer* 

61.  (430  )    When  neatness  and  careful  placement  of  insecticidal  dust 
are  required,  which  duster  should  be  used? 

a*    Hand  bellows.  c.    Hand  plunger  duster; 

b.  Hand  shaker*  d.    Rotary  hand  duster. 

62.  (430)    What  type  pesticide  equipment  is  best  suited  for  applying 
pesticide  over  small  outdoor  ground  areas? 

/ 

a*    Hand  shakers-  c.    Fopt  pump  dusters* 

b*    Hand  bellows.  d.    Granular  spreaders. 

63*    (431)    Which  of  the  following  pieces  of  portable  powered  equipment 
is  used  to  disperse  only  solution  f onnulationa  to  control  flying 
insects  in  small  outdoor  areas? 

a*  Backpack  mist-dust  blowers* 

b<  Frame~mounted  hydraulic  sprayers. 

c.  Hand-carried  thermal  fog  generators, 

d.  Hand-carried  ultra-low  volume  generators* 

64.  (431)    Which  of  the  following  pieces  of  portable  powered  equipment 

is  primarily  designed  to  apply  highly  concentrated  p^esticide  formulations? 

a,  Frame-mounted  hydraulic  sprayers. 

b*  Backpace  mist*dust  blowers*  ** 

c,  Hand-carried  thermal  fog  generators. 

*  d*  Hand-carried  ultra-low  volume  generators, 

65.  (432)    Which  of  the  following  pieces  of  nonportable  powered  equipment 
is  designed  to  disperse  liquid,  dust,  and  granular  formulations? 

a.  Trailer-mounted  hydraulic  sprayers* 
b*    Mechanical  aerosol  generators. 

c.  Thermal  fog  generators. 

d,  rtftit-dust  blowers*  1 

66.  (432)    In  nonportable  thermal  fog  generators,  pesticide  is  broken 

into  an  aerosol  by  / 

a*    special  nozzles.  c.    air  pressure. 

b.  exhaust  gases.  d.    boom  nozzles. 
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67-    (433)    What  is  a  primary  requirement  for  inr^ace  stock  an*  structural 
fumigation  operations?  v 


a.  All  openings  must  be  taped.  K 

b.  All  pesticides  used  must  be  nontoxic  to  humans.  v 
e.  A  liquid-tight  cover  over*  the  stack  or  building* 

d.  An  air-tight  cover  over  the  stack  or  building. 

68-  (433)    What  is  the  purpose  of  a  sand  snake  in  the  fumigation 
process? 

a.    To  seal  the  corners  of  stack  or  buildings. 

b-    To  seal  the  air-tight  cover  at  the  floor  or  ground* 

c*    To  act  as  a  weight  for  covers  at  roof  edges. 

d»    To  a£t  as  a  weight  for  door  and  window  ledges* 

69-  (^33)    You  can  be  sure  that  you  have  applied  the  proper  rate  of 
fumigation  to  a  stack  or  building  by 

a.    applying  a  specified  amount  of  fumigant  for  a  specified  time*, 
b*    checking  to  see  that  all  pests  are  dead* 

c.  using  more  than  the  calculated  amount  of  fumigant*  ' 
d*    taking  air  samples  of  the  area  being  fumigated. 

70.    (433)    Which  of  the  following  fumigants  does  not  require  the  use 
of  a  respiratory  protective  device  while  it  is  being  applied? 

a.  Aluminum  phosphide.  c.    Methyl- bromide* 

b.  Hydrogen  cyanide.  d.  Vapam* 

71-    (**3^)    Which  of  the  following  traps  is  best  suited  for  crawling 
pests  ^where  the  use  of  pesticides  would  be  unsafe? 

a.  Baited  jar  traps*  c.    Cage  traps. 

b.  Light  traps.  d*    Snap  traps. 

72.     (^35)    Which  of  the  following  frightening  devices  requires  approval 
of  the  base  commander? 

a.  Revolving  flashes,  c.    Tranquilizing  devices* 

b.  Sound  recordings.  d.  Firearms. 

73-    (^35)  \ When  is  aerial  spraying  most  effective? 

a.  In  cold  weather. 

b.  In  hot  weather, 

c.  When  the  wind  is  blowing  briskly. 

ri.    In  the  early  morning  or  just  before  dusk. 
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74-    (436)    Which  of  the  following  pumps  provides  a  large  volume  at 
a  moderate  pressure*  ~?± 

a.  Rotary  gear.  c.    Centrifugal.  1 

b.  Piston.  d.  Diaphraen- 

75,  (436)    Which  of  the  following  pumps  is  suitable  for  high  pressure, 
stands  abrasives  well,  and  is  easy  and  inexpensive  to  repair? 

a.  Diaphragm.  c.  Nylon-roller. 

b.  Piston.  .  d.  Rubber-impellar. 

76,  (437)    Which  of  the  following  components  is  the  most  important 
part  of  a  sprayer? 

a*    The  pump.  c*    The  pressure  regulator, 

b.    The  mixer.  d.    The  nozzle. 

77.  (437)    Which  of  the  following  types  of  spray  nozzles  is  best  suited 
for  spraying  distant  targets  and  crack  and  crevice  treatment? 

a.  Regular  flat  fan  nozzle.       c.    Solid  stream  nozzle. 

b.  Even  flat  fan  nozzle.  d.    Hollow  oone  nozzle. 

78.  (438)    what  is  indicated  by  the  number  9  on  a  disc  nozzle? 

a.  The1 output  is  .9  gal  per  minute, 

b-  The  output  is  rated  at  90  psi. 

c.  The  spray  angle  is  90°- 

d.  The  disc  has  a'9/64  opening. 

79-    (438)    Select  the  Teejet  ntfzzle  you  should  use  to  spray  an  emulsion 
on  an  ordinary  surface  at  an  angle  of  60°  with  rat  3  of  0.3  gallons 
per  minute  at  40  psi. 

a.    A  3006  nozzle.  c.    A  6003  nozzle. 

'  b.    A  3006  nozzle.  d.    An  8003  nozzle. 

80.     (439)    Which  of  the  following  publications  outlines  equipment 
maintenance  and  operating  instructions  for  all  the  services? 

a.  TOs.  c*  TMs. 

b.  TIMs.  d.    NAV  DOCS, 

8i<     (439)    What  organization  usually  prepares  Standard  Operating 
Procedures  and  Operational  Instructions? 

a-    The  manufacturers. 

b.  Major  Air  Command. 

c.  The  operational  organization. 
Air  Force  Logistics  Command. 
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82.     (440)    A  preoperation  inspection  should  t?e  performed  on  yoi,:- 
equipment  before^ 


a.  every  operation.  f  J3 

b,  the  first  operation  of  the  day.  0 

c.  the  first  operation  of  the  week* 

d,  the  first  operation  in  the  morning  and  afternoon. 

83*    (441)    When  you  are  performing  a  preoperational  inspection  on 
a  compressed  air  sprayer,  you  should 

a.  release  the  air  through  the  shutoff  valve  on  nozzle. 

b,  release  the  air  by  turning  the  pump  assembly  very  slowly ' 
counterclockwise  - 

c*    not  fill  the  tank  more  than  half  full  of  liquid. 

d.  not  pressurize  to  more  than  50  psi. 

84.    (441)    What  is  the  final  step  in  the  preoperational  inspection 
of  spray  equipment? 

a.    Place  the  pressurized  tank  under  water  to  check  for  leaks* 
b*    pressurize  without  liquid  to  see  if  it  will  hold. 

e,  Fill  with  pesticide  and  start  spraying. 

d.  Test  with  plain  water* 

85-    (442)    Which  of  the  following  precautions  is  standard  for  most 
manual  dusters? 

a.  Insure  proper  lubrication  and  adjustments. 

b.  Operate  them  with  the  wind  at  your  back. 

e,  Use  an  inert  dust  foi*  preoperational  inspection, 
d.    Do  not  try  to  carry  them  by  yourself, 

86,  (443)    What  is  the  final  step  in  the  operating  procedures  for 
the  backpack  mist-duat  blower? 

a,  Shut  off  pesticide  before  stopping  engine  to  clear  chamber, 

b,  Shut  off  fuel  to  engine  to  stop  it. 

c,  Operate  the  engine  at  low  rpm  prior  to  shutdown. 

d,  Use  all  pesticide  in  unit  before  stopping, 

87,  (443)    When  you  are  refueling  a  handcarried  ultra-low  volume 
generator,  you  should 

a,  use  only  leaded  gasoline  in  the  fuel  tank. 

b,  mix  the  fuel  and  oil  in  the  proper  proportion  and  pour  it 
into  the  tank. 

e,  use  only  unleaded  gasoline  in  the  fuel  tank. 

d,    pour  one-half  pint  of  ten  weight  oil  into  the  fuel  tank. 
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88.  (*W3)    When  you  are  performing  a  ^reoperation  inspection  on  ^.n 
exploder,  *ym  should  wear  ^ 

a.  a  face  shield,  1 

h.  ear  plugs  or  muffs. 

e.  a  filtering  faee  mask. 

dd.  form  fitting  protective  clothing. 

89.  Before  you  start  the  nonportable  miflt-dust  blower,  you 
should  flftake  sure  that  the  boon  is 

a.    removed,  c*    pointed  downward. 

b*    pointed  upward-.  d*    in  a  horizontal  position. 

90.  (445)    When  the  regulator  on  the  trailer-mounted  hydraulic  sprayer 
unloadst  the  excess  pesticide  goes 

a,  back  to  the  tank. 

b.  to  the  spray  nozzles. 

c*    to  the  relief  drain  line* 

d.    bade  to  the  inlet  side  of  the  pump.  ■* 

91-  (446)    When  the  delivery  rate  oT  the  nonportable  thermal  fog 
generator  is  increased t  the 

a.  fuel  pressure  is  increased, 

b*  fuel  pressure  is  decreased, 

c*  burner  temperature  is  decreased, 

d-  burner  temperature  is  increased^ 

92-  < M^j6 )    Which  of  the  following  pesticide  solvents  is  preferred 
for  the  nonportable  thermal  fog  generator?  \  ' 

a.  No.  2  dif>sel  oil.*  e.  Keroserie* 

b.  Fog  oil,  d-    10  weight  engine  oil- 

93-  (4Ji7)    A  manometer  reading  of  5.2  inches  of  mercury  is  obtained 
on  the  mechanical  aerosol  generated  by 

a-  adjusting  the  engine  choke  after  waraup*^ 

b.  positioning  the  three  way  valve-  j 

c-  regulating  the  engine  governor  control. 

d-  positioning  the  flew  control  valve* 

94-  U48)    If  the  engine  of  a  nonportable  ultra-low  volume  generator 
is  operating  at  2500  rpm  and  proper  pressure  cannot  be  maintained, 
most  likely  the 

a.  engine  vacuum  is  low. 

b.  "    drive  belt  tension  is  ..loose*. 

c-    "viscosity  of  pesticide  is  too  high. 

d-    lines  are  clogged  with  pesticide  residue. 
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96. 


97- 


98. 
99, 


100. 


W9)    Which  one  of  the  following  statements  beat  describes  the 
inspection  requirements  of  m^-ftta-,  pqwereci  portable,  ana  powered 
nonportable  dispersing  equipment?  I 


a.  An  equally  thorough  inspection  is  required  for  each  of  the  i 
three  types  of  equipment. 

b*    Portable  powered  equipment  requires  the  most  thorough  inspection 
since  the  operator  is  so  close  to  it. 

c.  Nonportable  powered  equipment  is  more  complex  and  requires 
a  more  thorough  inspection* 

d.  Manual  equipment  requires  the  most  thorough  Inspection  since 
it  is  not  as  sturdy  as  others* 

(450)  Which  of  the  following  types  of  maintenance  is  not  considered 
organizational  maintenance? 

a*    Equipment  repair* 

b.  Component  replacement* 

c.  Equipment  overhaul. 

d.  Calibration  and  adjustment  of  controls* 
C^Sl)    To  triple  rinse  equipment,  you  should  use 

a.  two  rinses  with  detergent  and  wate;*,  and  one  rinse  with  clear 
water. 

b.  one  rinse  with  detergent  and  water,  and  two  rinses  with  clear 
water* 

e*    three  separate  rinses  with  detergent  and  water, 
d,    three  separate  rinses  with  plain  water* 

fijSO    Equipment  designed  for  applying  dusts  and  /or  granules 
is  best  cleaned  by 

a .  vacuuming .  c .    flushing . 

b.  washing,  d*  rinsing, 

(iJ52)    What  type  of  oil  is  generally  used  in  the  engine  block 
of  most  powered  dispersal  equipment? 

a-    SAE  90W  nondetergent.  c.    5AE  3QW  detergent  oil, 

b*    SAE  3QW  nondetergent  oil,      d.    SAE  detergent  oil, 

(*(5iJ)    Entomology  shop  personnel  are  not  authorized  to  make 
which  of  the  following  carburetor  adjustments? 

a.  Governor-  e.    Fuel/air  mixture. 

b.  Idle  speed-  d.    Choke. " 
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101*    (454)    Select  the  component  that  is  normally  repaired  rather 
than  replaced* 

a*  Spray  guns* 

b.  Inoperative  indicator  gage, 

c*  Damaged  shaft  bearing, 

d*  Worn  drive  belt. 


102.    When  yjbu  perform  maintenance  on  apray  nozzles  to  insure  the  proper 

output!  and  spray  patternt  what  kind  of  maintenance  are  you  performing? 


a.  Repair, 

b*  Adjustment* 


c*  Calibration, 
d*  Service. 


/ 
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Preface 


IN  THIS  VOLUME  of  CDC  56650,  Entomology  Specialist,  you  will  learn  about  the 
many  arthropods  that  carry  diseases'!  o  humans  and  domestic  animals,  as  well  as  those 
generally  considered  to  be  pests.  Because  of  the  immense  numbers  of  these  arthropods* . 
this  course  can  cover  only  the  most  important  disease  vectors  and  pests. 

Arthropods  are  divided  into  two  classes:  Insccta  and  Arachnida.  The  insects  that 
this  volume  will  cover  include  mosquitoes  flies,  fleas,  and  lice.  You  will  also  learn 
about  two  arachnids:  ticks  and  mites^ 

As  an  entomology  specialist,  you  must  be  extremely  knowledgeable  of  these 
arthropods  because  you  will  be  responsible,  to  a  large  degree.  Tor  protecting  base 
personnel  and  domestic  animals  from  diseases  and  morale  problems  that  may  be 
associated  with  these  arthropods. 

This  volume  provides  you  with  information  to  enable  you  to  identify  the  medically 
important  insects  and  arachnids,  You  will  also  learn  about  the  life  cycles,  habits,  and; 
habitats  of  these  important  arthropods  so  that  you  can  implement  timely  control  1 
programs.  To  assist  you  further  in  the  selection  and  implementation  of  effective  and 
safe  control  programs,  this  volume  outlines  the  control  measures,  chemical  and 
nonchemical,  that  you  can  use  to  manage  the  arthropods  thai  ^ you  identify. 

Appendixes  A  and  Bare  included  as  a  separate  inclosure  to  Volumes  4,  5-  6,  and  7. 

Please  note  that  in  this  volume  we  are  using  the  singular  pronouns  he*  his,  and  him 
in  the  generic  sense,  not  the  masculine  sense.  The  word  to  which  these  pronouns  refer  is 
person. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this  text, 
or  recommendations  for  its  improvement*  send  them  to  Tech  Tng  Cen/TTGOX* 
Sheppard  AFB  TX  76311.  NOTE:  Do  not  use  the  suggestion  program  to  submit 
corrections  for  typographical  or  other  errors. 

If  you  have  any  questions  on  courseenrollment  or  administration,  or  any  of  ECTs 
instructional  aids  i  Your  Key  to  Career, Development.  Behavioral  Objective  Exercises* 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer 
training  officer*  or  NCO>  as  appropriate,  If  he  can't  answer  your  questions,  send  them 
to  ECh  Gunter  AFS  AL  361  IS*  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance. 

This  volume  is  valued  at  30  hours  (10  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of 

August  1977. 
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CHAPTER  1 


NOTE:  I  n  this  volume*  the  subject  matter  is  developed  by  &  series  or  Learning  Objectives,  Each  of  these 
carries  a  3-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  Tor  you.  Thetext  that  follows 
the  objective  gives  you  the  information  you  need  to  reach  that  goal.  The  exercises  following  the  infor- 
mation give  you.  a  check  on  your  achievement.  When  you  complete  them*  see  If  your  answers  match 
those  In  the  back  of  this  volume.  If  yo  r  response  to  an  exercise  is  incorrect,  review  the  objective  and 
its  text 


Mosquitoes 


MOSQUITOES  have  probably  caused  more  human 
disease  and  suffering  than  any  other  group  of  insects. 
Such  diseases  as  malaria  and  yellow  fever  kill  thou- 
sands of  people  each  year  in  certain  parts  of  the  world. 
Mosquitoes  are  very  important  in  the  epidemiology 
of  many  diseases,  For  this  reason,  the  Air  Force  is 
vitally  interested  in  the  mosquito  and  its  control  After 
reading  this  chapter  you  should  know  ( I )  the  methods 
and  cycles  of  disease  transmission.  (2)  the  significance 
and  characteristics  nf  important  mosquito  species,  O) 
the  development  and  habits  of  mosquitoes,  and  (4) 
the  techniques  of  surveying,  collecting,  and  controlling 
mosquitoes. 


1-1,  Disease  Transmission  Methods  and  Cyeles 

Disease*  can  be  transmitted  mechanically  or  bio- 
logically by  an  arthropod,  Within  these  two  methods, 
there  arc  two  cycles  by  which  an  arthropod  can  infect 
humans  and  animals:  the  host-parasite  cycle  and  the 
host-parasile-vector  cycle.  You  need  lo  know  about 
thvse  methods,  cycles,  and  diseases  so  that  you  can 
control  the  arthropods  invoked,  Mosquitoes  are  the 
most  important  group  of  arthropods  that  transmit 
disease  to  humans. 


600,  Complete  given  statements  that  concern  the 
cycles  in  whrch  diseases  are  transmitted, 


Host-Parasite  Cycle,  The  host-parasite  cycle  of 
disease  transmission  involves  only  ;wo  living  factors* 
us  illustrated  in  figure  l-L  The  two-factor  diseases 
are  transferred  from  human  to  human  without  the 
assistance  of  any  other  living  organism. 

Some  common  diseases  (hat  are  transmitted 
through  the  host-parasite  cycle  are  measles,  pneu- 
monic plague,  cholera,  typhoid  fever,  gonorrhea,  and 
svphillis. 

Vfeasfes  and  pneumonic  plague  can  he  spread  from 
one  human  to  anmher  by  the  air.  cholera  can  be  con- 


tracted from  water,  and  typhoid  fever  can  be  con- 
tracted from  food.  Gonorrhea  and  syphiitis  are  venereal 
diseases  that  are  contracted  through  intimate  sexual 
relations. 

Certain  diseases  in  which  arthropods,  such  as  mites 
which  cause  scabies,  parasitize  man  fit  the  two-factor 
(host-parasite)  epidemiologic  pattern.  By  making  a 
minor  adjustment  to  include  arthropods  that  harm 
man  directly  but  are  not  parasites  you  can  add  diseases 
classified  under  "envenomization"  (including  spider 
bites  and  bee  stings)  to  this  cycle.  A  disease  entity 
similar  to  the  latter  group  and  which  may  be  classified 
with  them  is  tick  paralysis.  This  condition  sometimes 
follows  the  prolonged  attachment  of  a  hard  tick  to  a 
region  of  the  neck. 

Of  all  the  diseases  discussed  that  are  transmitted 
within  the  host-parasite  cycle,  the  arthropod-related 
diseases  are  the  only  ones  that  have  a  susceptible  link 
thai  you  can  control  as  an  Air  Force  entomology 
specialist.  The  other  diseases  must  be  controlled  by 
medical  service  personnel  with  immunization,  innocu- 
tation,  quarantine,  and  decontamination  programs. 

Host-Parasite-Vector  Cycle.  The  host-parasite- 
vector  cycle  of  disease  transmission  involves  three 
pr|mary  living  faciors.  This  disease  transmission  cycle 
cari  be  separated  into  two  categories:  a  human  as  the 
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Figuf*  1.2  Disease  cycle  wilh  three  primary  living  factor*  in  which 
man  is  the  principal  or  only  host  I  hos  i  ■  pa  rasttc- vector). 


principal  or  only  host  and  a  human  as  the  incidental 
host. 

Diseases  involving  humans  as  the  principal  or  only 
host.  These  diseases  include  filariasis,  dengue,  malaria, 
yellow  fever,  dysentery,  and  epidemic  typhus  (see  fig. 
.3-2).  These  diseases  are  transmitted  by,  and  are  often 
perpetuated  in.  animate  carriers.  Although  in  the 
broadest  sense,  vector-bome  diseases  may  include 
those  transmitted  from  human  to  human,  general 
usage  in  the  United  States  restricts  the  term  "vector- 
borne  disease"  to  those  transmitted  to  humans  by 
arthropods  or  nonhuman  vertebrates- 
Dengue  and  yellow  fever  are  caused  by  viral  para- 
sites transmitted  byihtAedes  mosquitoes.  Filariasis 
is  caused  by  helminth  parasites  biologically  trans- 
mitted by  the  Calex  mosquitoes.  Malaria  is  caused  by 
protozoan  parasites  biologically  transmitted  by  the 
Anopheles  mosquitoes.  Dysentery  is  caused  by 
bacterial  parasites  mechanically  transmitted  by  flics. 
Epidemic  typhus  is  caused  by  a  rickettsial  parasite 
mechanically  transmitted  by  the  body  louse. 
.  Diseases  involving  humans  as  the  incidental  host. 
These  discuses  include  rabies,  plague,  tularemia, 
spotted  fever,  murine  typhus,  and  encephalitis  (see  fig. 
1-3).  These  diseases  are  transmitted  from  animals  to 
humans  and  are  usually  called  zoonoses.  In  this 
disease  cycle  the  non human  vertebrates  arthropods 
are  designated  as  the  vectors  and  are  the  normal  hosts 
for  the  disease  while  humans  and  domestic  animals 
are  the  incidental  hosts.  The  incidental  hosts  are 
nonessential  and  at  times  are  dead  ends  in  this  chain 
of  disease  transmission. 

In  this  cycle  of  disease  transmission,  control  pro- 
grams should  be  directed  toward  the  vector  because 
in  most  cases  the  vector  is  the  most  susceptible  link  in 
the  chain. 


Exercises  (600): 
I.  There  are  _ 


the  transmission  of. 
living  , 


basic  cycles  involved  in 
 to  humans  by 


2.  The  cycles  are  identified  as  t  he  - 

cycle  and  the   cycle. 

3.  The  two-factor  diseases  are  transmitted  from 
 to  -  without  the  assistance 


of  any  ortier . 


4.  Some  common  diseases  that  are  transmitted 
through  the  host-parasite  cycle  include  , 


,  and  ■ 


5,  Measles  and  pneumonic  plague  can  be  spread 
from  one  human  to  another  by  

6.  Cholera  can  be  contracted  from. 


7.  Typhoid  fever  can  be  contracted  from. 

8.  Syphillis  and  gonorrhea  are, 


9.  Arthropods  which  harm  man  directly  but  which 

are  not  parasites,  cause  diseases  by  

and  include   Find  - 

10.  The  host-parasite  vector  cycle  of  disease  trans- 
mission involves  —  living 

factors. 

11.  Diseases  involving  humans  as  the  principal  or 
only  host  include 


,  and. 


12.  Dengue  and  yellow  fever  are  caused  by. 


the. 


.  which  are  transmitted  by 


13.  Filariasis  is  caused  by 
which  are  _ 


mosquitoes. 


  parasites 

transmitted  by  the 


mosquitoes. 


14.  Malaria  is  caused  by 


parasites 


which  are  biologically  transmitted  by  the . 
mosquitoes. 

15.  Dysentery  is  caused  by   r  parasites 

which  are  transmitted  by  . 

16.  Epidemic  typhus  is  caused  by  a 


parasite  and  is  mechanically  transmitted  by  the 


17.  Diseases  involving  humans  as  the  incidental  host 

include  ,   ,  , 

 ,    ,  and 
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Figure  I  -  J  Dtscasc  cycle  wuti  three  primary  Jiving  factors  in  which 
man  ii  an  incidental  has!  (host- parasite- vector). 


18.  Tbese  diseases  arc  transmitted  from_ 
ff   and  are  usually  cal led- 


601.  Name  and  explain  the  two  methods  for  trans- 
mitting vector-borne  diseases  and  complete  given 
statements  concerning  certain  diseases  and  the  ways 
in  which  they  are  transmitted. 


Mechanical  Transmission  Methods.  Mechanical 
transmission  of  disease  occurs  when  an  arthropod 
transports  microorganisms,  such  as  dysentery,  typhoid, 
or  cholera  bacteria,  on  its  feet,  body  hairs,  or  other 
su(oces  to  human  food  or  to  the  human. 

In  mechanical  transmission,  the  parasite  neither 
changes  nor  multiplies  significantly  within  the  vector. 
The  arthropod  is  simply  a  vehicle  that  transports  the 
parasite.  Some  examples  are: 
I.  Housefliesand  •  the  typhoid  fever  bacillus  is 
cockroaches    carried  on  the  feet  and  body  hairs. 

or  the  bacillus  which  causes  dysen- 
tery passes  through  the  alimentary 
canal  with  feces  or  through  re* 
gurgitation. 

2*  Tsetse  flies  -  The  protozoan  that  causes  Afri- 
can sleeping  sickness  is  carried  on 
Lhe  mouth  pans. 

3.  Stable  flies  -  The  anthrax  bacillus  is  carried 
on  the  mouthparts. 

4r  Deerflies  -The  tularemia  bacillus  is  carried 

on  the  mouthparts. 


The  housefly.  X/usca  thmestica.  is  probably  the 
most  loathsome  mechanical  transmitter  of  disease, 
Throughout  much  of  the  world  it  is  a  common  sight  to 
>iee  flies,  which  have  recently  bred  or  fed  in  filth* 
crawling  over  human  food  and  dishes  and  even  on 
people's  faces.  Scientific  studies  have  shown  a  close- 
relationship  between  the  incidence  of  bacillary  dysen- 
tery and  the  abundance  of  flies  in  a  community.  Flies 
may  also  carry  the  virus  of  trachoma  from  one  person 
to  another.  Cockroaches  and  vinegar  gnats  are  known 
to  visit  sewers  and  liquid  excrement  or  decaying  food 
and  later  feed  on  human  food  in  houses. 

Jg£ologfcai  Transmission  Methods,  Biological  trans- 
mission of  disease  occurs  when  the  arthropod  not  only 
transmits  the  microorganisms  from  one  host  to 
another  host  but  is  essential  to  the  life  history  of  the 
parasite. 

When  the  parasite  multiplies,  changes  in  form,  or 
passes  through  part  of  its  cycle  in  the  arthropod 
sector,  which  nerves  as  an  essential  host,  the  trans- 
mission is  termed  "biological/*  The  period  of  multi- 
plication and  change  until  an  infected  vector  becomes 
infective  is  called  the  extrinsic  incubation  period,  to 
distinguish  it  from  the  period  of  disease  incubation 


in  man.  the  intrinsic  incubatiortperiod.  There  are  three 
basic  types  of  biological  transmission,  J 

Prupagative.  The  parsites  multiply  within  the 
vector  but  undergo  no  change  in  form.  Examples  are: 
mosquitoes  ivith  encephalitis  or  yellow  fever  viruses 
that  multiply  in  the  cells  of  the  gut  and  the  salivary 
glands,  ticks  with  spotted  fever  rickettsial  in  various 
tissues,  and  fleas  with  plague  bacteria  in  the  gut 
cavity. 

CyckhdevelopmentaL  The  parasites  undergo 
change's  in  form  within  the  vector  but  do  not  multiply. 
An  example  is  the  filarial  worm  in  a  vector  mosquito. 

Cycie*propagative.t  The  parasites  undergo  change  in 
form  and  also  multiply  within  the  vector.  Examples 
are  malarial  parasites  in  an  anOphetine  mosquito  and 
trypanosomes  (which  causes  Chagas'  disease)  in  a 
triatomine "kissing  bug.         -  1  ** 

There  are  some  unusual  types  of  biological  trans- 
mission when  rickettsial  diseases  are  involved. 

.Transovarial  transmission  occurs  when  a  rickettsial 
disease  is  passed  from  the  adult  female  tick  or  mite  to 
the  eggs  that  are  layed. 

Transstadial  transmission  occurs  when  the  rickett- 
sial disease  is  passed  from  larva  and/or  nymph  to 
adult. 


Exercises  (601): 

f.  On  a  separate  sheet  of  paper,  name  and  explain  the 
two  methods  of  transmitting  vecior-bome  diseases. 


2.  Complete  the  following  staiements  concerning 
diseases  and  the  methods  of  transmission, 
a.  The  typhoid  fever  bacillus  is  carried  on  the 

 l.  and   :  


of 


and 


b  The  protozoan  that  causes  African  sleeping 
sickness  is  carried  on  the   of 


c.  The  anthrax  bacillus  is  carried  on  the   

of    . 

d.  The  housefly  is  probably1  the  most  loathsome 
  transmitter  of  disease. 

e.  Biological  transmission  of  disease  occurs  when 
the  arthropod  not  only  transmits  the  micro- 
organisms from  one  to  another 

but  is  esteniial  in  the  life  of  the 


parasite. 
Transovarial 

female  


transmission  occurs  when  a 
disease  is  passed  from  the  adult 
 or   to  the 


_  that  are  laid, 
transmission 


Transstadial  transmission  occurs 
rickettsial  disease  is  passed  from  — 
or  to  


when  the 


3'1, 


602.  Match  certain  mosquito  species  with  given 
descriptive  statements*  and  complere  other  tfatements 
concerning  the  significance  of  mosquitoes  and  diseases 
transmitted. 


Mosquitoes  and  Their  Significance.  As  wc  said 
earlier,  mosquitoes  are  the  most  important  group  of 
arthropods  that  transmit  disease  to  humans.  Because 
numerous  species  are  involved,  there  are  marked 
differences  in  their  breeding  habits,  behavior*  and 
dispersal.  Three  genera  are  of  particular  concern  as 
carriers  of  disease:  Anopheles,  Aedes.  and  Culex. 
These  genera  arc  shown  in  figure  M, 

Little  was  known  of  the  mosquito's  role  in  the  trans- 
mission of  disease  until  1877  when  it  was  discovered 
that  a  filarial  worm  was  transmitted  by  a  mosquito. 
The  transmittal  of  the  worm  was  proven  in  1897  by  a 
scientist  named  Sir  Roland  Ross.  In  1900.  after  years 
of  extensive  experimentation.  Dr.  Carlos  Fin  lay  and 
Walter  Reed  proved  that  Aedes  aegypti  was  ihcvcciQT 
(carrier)  of  yellow  fever. 

Malaria.  The  various  types  of  malaria  are  acute  or 
chronic  diseases  caused  by  tiny  protozoan 'parasites  of 
the  genus  Plasmodium  which  are  transmitted  from 
person  to  person  by  the  bite  of  Anopheles  mosquitoes. 
Although  there  are  15  Anopheles  species  in  the  United 
States,  only  two  seem  to  be  particularly  important  in 
malaria  transmission:  Anopheles  quadrimaculatus 
east  of  the  Rockies,  and  Anopheles  freebomi  west  of 
the  Rockies. 

Yellow  Fever.  This  viral  disease  may  be  acute  and 
fatal  or  so  mild  that  infections  are  not  apparent.  The 
two  epidemiological  types,  urban  and  jungle  yellow 
fever,  are  caused  by  the  same  virus*  and  protection  is 
given  by  the  same  vaccine,  but  the  mosquito  vectors 
and  vertebrate  hosts  are  quite  different. 

Lrhtrn  yellow  fever.  This  disease  is  transmitted  by 
the  yellow  fever  mosquito.  Aedes  aegypti.  Although 
no  epidemics  have  occurred  in  the  United  States  since 
the  outbreak  at  New  Orleans  in  1905  and  no  major  epi- 
demic has  occured  in  the  Americas  since  (942, 
epidemics  were  once  reported  for  most  of  the  large  sea- 
ports in  southern  United  States,  and  sometimes  as  far 
north  as  Philadelphia,  New  York,  and  Boston. 
Formerly,  this  malady  recurred  over  wide  areas  of 
South  and  Central  America  and  was  introduced 
repeatedly  into  the  United  States.  Aedes  aegypti  has 
been  eradicated  from  many  of  the  countries  in  Central 
and  South  America.  In  1964  the  United  States  began 
to  work  on  the  Aedes  aegvpti  Eradication  Program  in 
the  southern  United  States.  Puerto  Rico.,  and  [he 
Virgin  Islands,  and  in  1965  in  Hawaii  The  program 
made  much  progress  in  these  areas  until  it  was 
curtailed  in  Late  1968  because  of  Lack  of  funds. 

Junxie  yellow  fever.  This  disease,  also  called  sylvan 
or  sylvatic  yellow  fever,  is  normaly  a  disease  of 
monkeys  and  some  Oiher  wild  animals,  transmitted 
most-  frequently  by  species  of  ireeiop- frequenting 
Haemagogus  and  Aedes  and  possibly  by  Sahethes. 
The  occasional  human  cases  are  contracted  when 


people  in  the  forest  are  bitten  by  infected  mosquitoes. 
Haemagogus  spegazzinii'falca.  a  tree-hole  breeder* 
appears  to  be  the  major  vector  in  South  America* 
being  replaced  by  Aedes  leucoi'elaenus  clarki  and 
other  species  in  Central  America  and  parts  of  South 
America.  '         "  ■ 

Dengue.  Dengue,  also  known  as  break  bone  fever,  is 
an  acute*  rarely  fatal  disease  caused  by  a  virus.  Et  is 
characterized  by  sudden  onset*  high  fever,  severe  head- 
ache* backache*  joint  paint  and  a  rash  appearing  the 
third  or  fourth  day.  particularly  on  the  hands  and  feet. 

Dengue  fever  is  transmitted  from  person  to  person 
by  the  yellow  fevere  mosquito,  Aedes  aegypti  The 
cycle,  therefore,  is  similar  to  that  of  urban  yellow 
fever.  Aedes  aihopicius  is  an  important  vector  in 
Hawaii*  the  Philippines,  and  Southeast  Asia. 
Mosquitoes  obtain  the  virus  from  the  blood  of  infected 
persons  during  the  time  period  of  the  day  before  the 
initial  fever  to  tile  third  or  fourth  day  of  the  disease. 
The  virus  multiplies  tri  the  mosquito,  which  becomes 
mfecttve  in  from  8x9*14  days  after  the  infected  blood 
meal.  Under  favorable  temperature  conditions*  the 
mosquitoes  remain  infective  for  the  rest  of  their  lives, 
which  may  be  1  ort2  months  or  more. 

Dengue  may  occur  in  epidemic  form  in  almost  any 
part  of  the  Tropics  orsubtropics.  It  has  been  prevalent 
in  the  Mediterranean,  Africa,  South  America. 
Southeast  Asia,  and  the  Pacific  Islands.  The  Public 
Health  Service  has  been  concerned  with  six  outbreaks 
in  the  past  40  years. 

Encephalitis.  A  number  of  arthropod-borne  viral 
(arbovirus)  diseases  affect  the  central  nervous  system, 
causing  an  encephalitis*  or  inflammation  of  the  brain 
{encephalon).  Eastern  (EE).  Western  (WE)*  St.  Louis 
(SLE).  California  (CE),  and  Venezuelan  equine  (VEE) 
are  the  types  of  encephalitis  occurring  in  the  United 
States:  each  is  caused  by  different  viruses.' 

Human  cases  oft  hearthropod-borne  encephalitides 
(plural  of  encephalitis)  vary  from  mild,  inapparent 
infections  to  very  severe  illnesses  with  permanenr 
damage  to  the  nervous  system*  or  even  death.  Horses 
may  have  similar  rriild  or  severe  infections  with  EE, 
WE,  and  VEE  viruses*  whereas  the  SLE  virus  causes 
only  inapparent  infections.  Birds  may  die  from 
encephalitis,  particularly  red- winged  blackbirds* 
house  sparrows*  and  pheasants  infecred  with  EE  virus. 
The  basic  transmission  cycle  from  bird  to  bird  is  main- 
tained by  ^mosquitoes  with  the  human  and  horse  cases 
considered  as  accidents  and  dead  end  hosts  in  the 
chain  ofvmfection. 

Small  birds  and  nestlings  of  such  species  as  the 
house  spajrow.  grackle,  or  red-winged  blackbird 
develop  a  very  high  level  of  virus  infection  fvtremia) 
for  a  few  days  during  which  time  mosquitoes  "tan 
become  infected,  whereas  the  level  of  virus  is  usually 
lower  in  many  of  the  larger  birds,  horses,  and  man. 

Eastern  encephalitis.  This  form  is  one  of  the  most 
serious  arbovirus  diseases  with  50  to  75  percent  of  the 
human  cases  ending  fatally.  This  disease  is  found 
along  the  Atlantic  and  gulf  coasts  and  inland  in  the 
Mississippi  River  Valley  in  limited  areas.  It  occurs 
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commonly  in  horses  and  in  game  farm  pheasants. 
Aedes  sollicitans.  Aedes  vexans,  and  Mansonia 
perturbans  are  suspected  vectors  of  this  disease  in  the 
bird  to  human  cycle. 

Western  encephalitis.  This  disease  is  found  in  all  of 
the  States  west  of  the  Mississippi  river  as  well  as  in 
Wisconsin  and  Illinois.  WE  virus  has  been  found  in 
limited  areas  in  the  eastern  United  States  in  birds  and 
mosquitoes.  There  were  many  major  outbreaks  in 
horses  in  the  1930's  with  thousands  of  cases  and  many 
deaths.  The  largest  human  epidemic,  involving  over 
3.000  cases,  occurred  in  1941 ,  Another  targe  epidemif 
occurred  in  1952,  particularly  in  the  Central  Valley 
in  California.  There  were  141  reported  cases  in  I9S8. 
More  encephalitis  was  reported  in  1965  than  at  any 
lime  since  the  1941  epidemic,  172  reported  human 
cases  occurring  primarily  in  five  States.  Western 
encephalitis  is  generally  a  milder  disease  than  Easicm 
encephalitis,  with  human  deaths  reported  in  2  to  5 
percent  of  the  cases, 

Cutex  tarsalis  is  the  most  important  mosquito 
vector  of  Western  encephalitis,  particularly  west  of  the 
Mississippi.  Isolations  of  WE  virus  have  been  made 
from  many  species  of  mosquitoes  and  birds  through- 
out the  United  States.  However,  the  rarity  or  absence 
of  Culex  tarsalism  the  eastern  United  States  may  help 
to  explain  the  small  number  of  cases  of  Western 
encephalitis  east  of  the  Mississippi  river. 

St.  Louis  encephalttis.  This  disease  has  been  found 
in  all  of  the  States  west  of  the  Mississippi  river,  in  the 
Ohio  River  Valley,  in  Florida,  and  in  the  Camden, 
X.  J  —Philadelphia,  Pa.,  area. 

Birds  are  considered  to  be  the  main  reservior  of  St, 
Louis  encephalitis  virus,  particularly  house  sparrows, 
house  finches,  and  domestic  pigeons.  Sl  Louis 
encephalitis  is  considered  to  be  a  more  serious  disease 
than  Western  encephalitis,  but  less  so  than  Eastern 
encephalitis.  The  majority  of  cases  occur  in  older 
people.  Mortality  rates  vary  from  about  5  percent  to  as 
high  as  33  percent,  particularly  in  people  over  60  years 
of  age.  Members  of  the  Cuiexpipiens-quinquefasciatus 
complex  are  the  chief  urban  vectors.  Cutex  tarsalis  is 
the  chief  vector  in  rural  areas  in  western  States,  Culex 
rtiRripalpus  is  the  vector  in  the  Tampa  Bay  area. 
Florida. 

St  Louis  encephalitis  is  the  one  iype  of  this  disease 
abundant  enough  in  densely  populated  areas,  as 
Houston  and  Dallas,  to  justify  mosquito  control  as  a 
method  of  encephalitis  control  Cases  of  the  three 
other  types  in  the  United  States.  Eastern.  Western, 
and  California,  on  the  other  hand,  occur  generally  in 
small  numbers  over  wide  areas,  with  lower  human 
populations  per  square  mile,  making  it  difficult  10 
obtain  funds  to  operate,  effective  encephalitis  pro- 
grams by  mosquito  control. 

California  encephalitis  (CE),  This  virus  was  first 
isolated  from  Aedes  melaninwn  (originally  identified 
as  dorsalisj  and  Culex  rarsatis  in  California  in  1943 
and  1944.  Most  cases  of  this  disease  are  reported  from 
the  Midwestern  States,  such  as  Ohio.  Indiana,  and 
Wisconsin. 
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The  CE  virus  differs  from  Western,  Eastern,  and 
St.  Louis  encephalitis  because  mammals  rather  than 
birds  act  as  reservoirs.  This  virus  or  antibodies 
against  the  virus  have  been  found  in  a  number  of 
small*  and  medium-sized  mammals,  such  as  snowshoe 
hares,  cottontails,  tree  squirrdst  and  ground  squirrels, 
Aedes  iriseriatus,  Aedes  canadensis*  and  Aedes 
trbihtatw  are  suspected  vectors  of  this  virus  since 
these  species  are  forest-  or  woodland-dwelling  mos* 
quitoes  and  most  of  the  human  cases  have  occurred  in 
rural,  forested  areas  where  the  mammal  reservoirs  live. 

Venezuelan  encephalitis.  This  disease  occurs  often 
in  large  epidemics  in  northern  South  America  and  the 
West  Indies.  One  case  was  reported  in  the  Miami  area 
in  1968.  Mansonia  tiifflans,  Aedes  taeniorhynehus, 
and  Culex  (Melanoconion)sptcve&  are  suspect  vectors. 

FilAriasb.  This  disease  as  occurs  in  humans  is 
caused  by  the  nematodes,  WuchererUx  bancrofti  and 
Brugia  moiayi;  therefore,  there  are  two  types  of 
filariasis,  the  Bancroftian  and  the  Malayan. 

These,  nematodes  may  live  in  various  parts  of  the 
lymphatic  system  and  people  may  harbor  them  with 
no  apparent  symptoms,  or  the  filarial  worms  may 
cause  inflammation  and  other  complications.  Pro- 
longed or  repeated  infections  may  cause  extreme 
enlargement  of  external  genitalia*  breasts,  or  legs  in 
some  people  and  is  often  referred  to  elephantiasis* 

Filariasis  is  widespread  in  many  tropical  and  sub- 
tropical regions  throughout  the  world.  In  the  Western 
Hemisphere  it  occurs  in  the  West  Indies,  Colombia,  . 
Venezuela,  Panama,  and  the  coastal  portions  of  the 
Guianas  and  Brazil. 

A  small  endemic  center  existed  for  many  years  near 
Charleston,  S.  C,  but  it  has  now  disappeared.  In  many 
parts  of  the  United  States,  Puerto  Ricans  and  other  - 
people  who  have  recently  left  the  Tropics  may  have  the 
microfilariae  circulating  in  their  blood.  However,  the 
disease  is  not  now  known  to  be  naturally  acquired  in 
the  United  States. 

The  young  filarial  worms  are  transmitted  from 
person  to  person  by  various  species  of  mosquitoes. 
They  undergo  developmental  changes  in  the  mos- 
quito, which  is  an  essential  link  in  the  cycle  of  trans- 
mission.  The  microfilariae  occur  in  the  human  blood- 
stream during  certain  stages  of  an  infection.  Here  they 
are  picked  up  by  mosquitoes  as  they  feed.  A  minimum 
period  of  10  10  II  days  is  required  for  the  develop- 
mental stages  in  the  mosquito.  From  the  mosquito 
they  reach  the  new  host  ai  the  next  feeding?  They  are 
not  injected  into  the  new  host  by  the  mosquito  but 
actively  penetrate  the  skin,  perhaps  at  the  site  where 
the  mosquito  punctured  the  skin.  Many  species  of 
mosquitoes  are  known  to  be  capable  of  transmitting 
filariasis,  though  these  may  not  all  be  important  in 
nature.  Some  important  known  vectors  of  W.  ban- 
erofiL  arc  Culex  quinquejasciatus.  Culex  pipiens* 
Aedes  pulynesiensis.  and  Anopheles  gambiae.  The 
generally  accepted  vectors  of  Brugta  ma/avi  are  mos- 
quitoes in  the  genus  Mansonia. 

There  have  been  a  few  reported  cases  of  human 
infections  with  animal  filarial  Some  of  these  .cases 

34o 


may  have  been  caused  by  the  dog  heart  worn  (Diro- 
filaria  tmmitis)  of  which  mpsquitoes  arc  known 
vectors. 


Exercises  (602); 

I,  In  the  blank  space  by  the  statements  in  column  A, 
plaee  the  number  of  the  appropriate  mosquito 
species  in  column  B. 


Western  encephalitis  is' generally  a  jt} 

disease  that  Eastern  encephalitis 

Birds  art  considered  to  be  the  

of  the  Sc.  Louis  encephalitis  vims. 

The  California  encephalitis  vims  differs  from 

ihe  other  in  that  rather  than  birds 

act  as  .  . 

Filahasb  is  caused  by  and  is  some- 
times called  


Column  A 
Carrier  of  malaria, 
Jungle    yellow  fever 
carrier. 

Urban  yellow  fever 
carrier 

Transmit  dengue  from 
person  10  person, 
Vector   of  Easiern 
encephalitis. 

Western  encephalitis 
earner. 

g.  Urban  vectors  of  Si 
Louis  encephalitis. 

h.  Rural    vectors    of  Sr. 
Louis  encephalitis. 

.  \.  Suspected    vector*  of 

California  encephalitis. 
J.  Carry   nematodes  lhai 

cause    Bancrofiian  F> 

Jariasis. 
,  k.  Carry   nemaiodes  that 

cause  Malayan  filartas is. 
.  J    Known  vectors  of  animal 

fjlartae. 
.  m,  Tampa  Bay  vector  for 

Sr.  Louis  encephalitis, 
n.  Suspected    vectors  for 

Venezuelan  encep Jia litis. 


Column  & 
t  Dirofiiom  immitis. 

2.  Cukxpipitm 
qitmqttefasciattu  ► 

3.  Aedes  rmlanimon 

4.  Anophtfc*  frttbomi 

5.  Aedes  atftypti 

6.  Haemag&gus 

7.  $*b*th*s* 
Aedts  sollidt&is 

9.  Cuhtx  :tWJatu 

10.  Mansonia  titillans 

1 1.  Aedts  polynesitnais. 

12.  Anppheirs  Rambiar 

13.  Noemagoxus  spe%azzinti 
fafco 

H,  Aedci  tevfocttatnus  darki 

15.  Anopheles 
quaditm&cutal  us 

16.  Aedes  alb  up  ictus 

17.  Atdes  vexans 

18-  Memsonut  ptrturbam 

19.  Cuitx  ntgrtptttpus 

20.  Aedes  iristriaius 

21.  Aedes  canadensis 

22.  Aetfes  trivhtatm 

23.  Aedts  taeniorhynchus 

24.  Citlex  mfitmorortion 

25.  \ftmsttnut. 


Complete  the  statements  below. 

a.  The  various  types  of  mala  ria  are  acute  or  chronie 
diseases  caused  by  tiny  protozoan  parasites  of 

the  genus  which  are  transmitted 

from  person  to  person  by  thebiieof  

mosquitoes. 

b>  Aedes  mosquitoes  transmit  urban 

—  and  have  been  eradi- 


cated from  many  countries  of. 


.  and 


c.  Thecvcleof. 


-is  similar 


to  that  of  urban  yellow  fever, 
d.  Human  cases  of  the  arthropod-borne  encep  hali- 
tides  vary  from                 inapparent  infec- 
tions to   illnesses  with 

 damage  to  the  


or  even 


Eastern  encephalitis  is  one  oft  he  most  ■ 

arbovirus  diseases  with  to . 

percent  of  the  human  cases  ending. 


Western  encephalitis  is  found  in  ;i)l  of  the  States 

west  of  the  river  and  in 

 :und  Illinois 


1-2*  Mosquito  Development  and  Hftbfts 

In  order  to  control  mosquito  populations  effec- 
tively, you  need  to  know  how  mosquitoes  develop 
from  eggs  to  adults  as  well  as  how  they  behave  as 
adults* 


603*  Complete  given  statements  concerning  the 
development  process  of  mosquitoes* 

Mosquitoes  have  four  distinct  stages  in  their  life 
history:  the  egg,  larva,  pupa,  and  adult  (fig.  1*4),  The 
first  three  stages  occur  in  water*  but  the  adult  is  an 
active,  flying  insect  that  feeds  on  the  blood  of  man  and 
animals  or  upon  plant  juices. 

Eggs.  Eggs  are  white  when  first  deposited  but  become 
dark  within  an  hour  or  two.  In  general,  mosquito  eggs 
fall. into  three  distinct  groups:  (l)those  laid  singly  on 
the  water  surface;  (2)  those  Laid  together  to  form  rafts 
which  float  on  the  Water  surface;  and  (3)  those  laid 
singly  out  of  the  water.  These  differences  are  reflected 
in  the  structure  of  the  egg. 

Anopheline  eggs  are  laid  singly  on  the  water  surface. 
They  are  elongate  oval,  usually  pointed  at  one  end 
and  provided  with  a  pair  of  lateral  floats  (see  fig.  1-4). 
They  average,  about  one-half  millimeter  in  length, 
Hatching  usually  takes  place  within  2  or  3  days.  The 
eggs  of  Toxorhynchxtes  are  also  laid  singly  on  the 
water  surface  where  they  are  kept  afloat  by  means  of 
air  bubbles  that  form  amongthe  spines  on  the  eggshell. 

The  eggs  of  Culex.  Culheta,  Martsortia  and  UrQrto- 
taenia  are  laid  side  by  side  to  form  a  raft  often  con- 
taining 100  or  more  eggs'  They  remain  afloat  on  the 
surface  of  the  water  until  hatching  occurs,  usually  only 
a  few  days. 

Eggs  that  are  laid  out  must  be  placed  so  that  the 
larvae  can  readily  reach  the  water  or  they  must  be  able 
to  survive  long  periods  of  drying  until  such  time  as 
they  may  be  flooded.  The  eggs  ctAedeSaegyptL  Aedes 
trtseriatus.  and  Aedes  Qrthapodamyia  are  laid  on  the 
sides  of  containers  or  tree  holes  just  above  the  water 
level  so  that  with  a  rise  in  the  water  the  eggs  hatch. 
Other  species  of  Aedes  and  all  species  of  PsOrophora 
lay  their  eggs  on  the  ground  where  they  remain  until 
Hooding  occurs.  Some  species  may  survive  in  the  egg 
stage  for  3  to  5  years  if  flooding  does  not  occur.  In 
some  cases  hatching  occurs  as  ioon  as  the  eggs  are 
flooded;  thus,  several  generations  per  year  may  occur. 
This  is  typical  of  the  Psorophora  group  and  of  Aedes 
wxam  and  Atrdes soffiei tans.  Others  must  be  subjected 
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to  freezing  before  they  will  develop;  thus,  there  is  only 
a  single  generation  per  year.  Many  species  of  Aedes 
belong  in  thi^group.  examples  being  Aedes  stimulans 
and  Aedes  abserratus. 

Larvae.  The  larvae  of  all  mosquitoes  live  in  water 
in  permanent  ponds  and  marshes,  in  temporary  Hood 
waters  or  woodland  pools,  in  water  contained  in  tree 
holes*  leaves  of  plants*  or  artificial  containers.  Mos- 
quitoes have  adapted  themselves  to  almost  all  kinds  of 
aquatic  situations  except  flowing  streams  and  the  open 
waters  of  large  streams,  lakes,  and  seas.  Although 
mosquito  larvae  get  their  food  from  the  water  in  which 
they  live,  they  must  come  to  the  surface  for  air  or*  as 
in  the  case  of  bfamonta,  obtain  air  from  the  under- 
water portions  of  plants. 

The  larval  period  includes  four  developmental 
instars  which  usually  require  at  least  4  to  JO  days  for 
completion.  At  the  end  of  each  instar  the  larva  sheds 
its  skin*  on  molts.  The  fourth  instar  is  the  mature  larva 
and  with  the  fourth  molt  the  pupa  appears. 

Mosquito  larvae  move  about  in  two  ways:  by  jerks 
of  the  body  and  by  propulsion  with  the  mouth 
brushes.  Movements  of  anopheline  larvae  at  the 
surface  are  generally  of  the  first  type.  The  "crawling** 
movements  of  culicine  larvae  over  the  bottom  and  the 
slow  movement  at  the  water  surface  are  probably  due 
to  propulsive  action  of  the  mouth  brushes.  Mosquito 
larvae  assume  characteristic  positions  in  the  water. 
Anopheline  larvae  lie  parallel  to  the  surface*  while 
most  other  groups  hang  head  down  with  only  the  tip  of 
the  air  tube  penetrating  the  surface  Him.  Although 
larvae  are  heavier  than  water*  they  can  rest  just 
beneath  the  surface  without  effort.  Certain  non wetting 
structures*  such  as  the  air  tube  in  the  culicines  and 
the  spiracuJar  plate  and  palmare  hairs  in  the  anophe- 
lines.  serve  to  suspend  them  from  the  surface  film. 

Many  physical  chemical,  and  biological  character- 
istics of  water  affect  mosquito  larvae.  These  charac- 
teristics include-  temperature,  light,  movement, 
dissolved  gases  and  salts,  and  other  living  organisms 
present.  Vegetation  is  important  as  protection  for  the 
larvae,  Predators,  such  as  fish  and  insects,  destroy 
great  numbers  of  mosquito  larvae. 

The  three  body  regions  of  the  larva,  head,  thorax, 
and  abdomen,  are  distinct-  The  head  bears  the  an- 
tennae, eyes*  and  mouthparts.  "fhe  antennae  are 
located  on  each  side  toward  the  front.  Behind  the 
antenna  near  the  hind  margin  of  the  head  are  the  eyes. 
The  mouthparts  are  at  the  underside  of  the  head  near 
the  front.  They  consist  of  a  series  of  brushes  in  addi- 
tion to  the  grinding  and  grasping  structures.  Thus*  the 
larvae  is  able  to  strain  out  small  aquatic  organisms 
and  particles  of  plant  and  animal  material  present  in 
the  water,  A  few  predaceous  species  have  mouthparts 
adapted  for  grasping  and  swallowing  their  prey. 

The  thorax  is  broader  than  the  head  or  abdomen 
and  h  somewhat  flattened,  it  has  several  groups  of 
hairs  which  are  useful  in  identification  of  species. 

The  abdomen  is  long  and  subcvlindrical,  consisting 
of  nine  well-defined  segments.  The  first  seven  seg- 
ments are  similar,  but  the  eighth  and  ninth  are  con- 
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siderably  modified  The  eighth  segment  bears  the 
respiratory  apparatus.  In  the  anophclines  this  appa- 
ratus consists  of  paired  sptracular  openings,  while  in 
the  other  groups  a  prominent  air  tube  is  present.  The 
ninth  segment  is  out  of  line  with  the  other  segments 
and  bears  two  to  four  membranous  tapering  appen- 
dages commonly  known  as  anal  gills.  These  anal  gills 
seem  to  serve  nore  for  the  regulation  of  osmotic 
pressure  than  for  respiration. 

Pupae,  The  mosquito  pupa  also  lives  in  water  and  is 
very  active.  It  does  not  feed,  but  it  must  come  to  the 
surface  for  air  except  in  the  case  of  Afansonia  species 
(spp).  The  pupa  differs  greatly  from  the  larva  in  shape 
and  appearance,  the  front  part,  consisting  of  the  head 
and  thorax,  being  greatly  enlarged  and  enclosed  in 
sheath.  On  the  upper  surface  is  a  pair  0f  respiratory 
trumpets.  The  abdomen  consists  of  eight  freely 
movable  segments  with  a  pair  of  paddles  at  the  Up. 

Mosquito  pupae  are  undoubtedly  the  most  active  of 
all  insect  pupae.  Most  species  are  lighter  than  water* 
their  buoyance  being  due  to  an  air  space  between  the 
wing  cases  on  the  underside  of  the  combined  head  and 
thorax.  By  vigorous  movement  of  the  abdomen,  the 
pupae  move  about  with  considerable  speed,  rising 
directly  to  the  surface  when  movement  stops. 

The  pupal  (stage  lasts  from  I  day  to  a  few  weeks* 
no  species  being  known  to  pass  the  winter  as  pupae.  At 
the  end  of  the  pupal  stage,  the  pupal  skin  is  broken 
and  the  adult  works  its  way  out*  crawls  onto  the 
surface  of  the  water,  and  is  soon  ready  to  fly  away. 

Adult.  The  adult  mosquito  (fig.  1-5)  is  a  small 
fragile  insect  with  a  slender  abdomen*  one  pair  of 
narrow  wings,  and  three  pairs  of  long*  slender  legs.  It 
varies  in  length  from  slightly  over  1  / 16  inch  to  about 
1/2  inch.  The  three  body  regions*  head*  thorax,  and 
abdomen*  are  well  defined. 


MOSQUITO  OlAGftAM  -  AOIHT  FEMALE  AEOES 
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The  head  of  a  mosquito  (fig,  1*5)  is^almost  spherical 
and  »s  joined  to  he  thorax  by  a  narro*. membranous 
connection,  tt  bears  a  pair  of  large  compound  eyes*  a 
pair  of  antennae,  a  pair  of  palpi  and  the  proboscis.  The 
antennae  arise  on  the  front  of  the  head  between  the 
eyes-  They  are  long,  slender  structures  consisting  of 
15  segments,  only  14  of  which  are  ordinarily  visible. 
Each  of  the  last  segments  bears  a*  whorl  of  hairs  which 
are  short  and  sparse  in  the  females  but  long  and  bushy 
in  the  males.  The  antennae  are  believed  to  serve  as 
organs  of  hearing  and  smell.  The  palpi  are  five- 
segmenled  structures  originating  at  the  lower  front 
margin  of  the  head  near  the  proboscis,  tnanophelines* 
the  palpi  of  the  female  are  about  as  long  as  the  probo- 
scis, while  those  of  the  male  are  enlarged  at  the  tip.  In 
culicines  the  palpi  of  the  females  are  short,  while  those 
of  the  male  are  usually  long,  densely  haired,  and 
pointed.  The  proboscis  projects  downward  and 
forward  from  the  lower  front  margin  of  the  head,  tt 
consists  of  a  labium  or  sheathlike  structure  enclosing 
a  group  of  six  stylets.  The  labium  serves  as  a  protective 
sheath  for  the  stylets  but  does  not  enter  ihe  wound 
when  the  mosquito  is  biting.  The  stylets  serve  to  pene- 
trate the  skin  of  the  host  animal  and  also  forma  small 
duct  through  which  saliva  is  injected  into  the  wound, 
as  well  as  a  canal  through  which  liquid  food  is  drawn. 
The  mouth  parts  of  the  male  are  incapable  of  piercing 
the  skin  of  human  or  animal  hosts. 

The  thorax  or  middle  region  of  the  body,  bears  the 
wings  and  legs.  The  upper  surface  of  the  thorax  or 
mexonorum  is  covered  with  coarse  hairs  or  scales  and 
bears  several  groups  of  hairs  or  bristles  used  for 
identification  purposes.  The  long,  slender  legs  arise 
from  the  lower  sides  of  the  thorax.  Each  Jegconsistsof 
a  short  conical  coxn  a  small  hinge-like  trochanter. 
j  stoui  femur,  a  long  slender  tibia*  and  a  five-seg- 
mented tarsus.  The  first  segment  of  the  tarsus  is  the 
longest  and  is  often  equal  to  the  tibia  in  length.  The 
fifth  tarsal  segment  bears  a  pair  of  small  claws.  The 
legs  are  covered  with  scales  of  varyingcolors,  forming 
patterns  which  are  often  useful  in  separation  of 
species.  The  wings  are  long  and  narrow  with  charac- 
teristic venation.  The  veins  are  clothed  with  scales, 
often  of  varying  colors  which  may  be  distributed  to 
form  definite  patterns.  The  hind  margin  of  the  wing 
also  bears  a  close-set  row  of  long,  slender,  fringe  scales, 
A  pair  of  small  knobbed  structures  known  as  hafteres 
is  found  behind  and  slightly  below  the  wings.  They 
vibrate  rapidly  when  the  mosquito  is  in  flight  and 
serve  as  organs  of  equilibrium. 

The  elongate  abdomen  (fig,  1-5)  is  nearly  cylindrical 
consisting  of  10  segments,  only  8  of  which  are  readily 
visible.  The  9th  and  IQth  segments  are  greatly  modi- 
tied  for  sexual  functions.  North  American  species  of 
Anopheles  have  no  scales  on  the  upper  surface  of  the 
abdomen.  In  the  cullicines,  the  abdomen  is  covered 
with  scales  which  often  form  characteristic  markings. 
In  Aeries  and  Pxorophora,  the  female  abdomen  is 
tapered  apically.  with  the  eighth  segment  withdrawn 
into  the  seventh.  In  other  genera  in  the  United  States 
the  abdomen  \$  bluntly  rounded  at  the  apex.  The 


terminal  segments  of  the  male  abdomen  are  greatly 
modified  for  mating.  These  structures  arc  often  of 
value  in  identification  of  the  species.  *  > 


Exercises  (603): 

"L  Mosquitoes  have  distinct  stages  in 

their  life  history;  the  ,  * 

 , and   

2.  Anophelihe  eggs  are  laid   on  the 

 surface, 

3.  Eggs  which  are  laid  out  of  the  water  must  be 
placed  so  the  larvae  can  , 

4.  Some  species  may  survive  in  the  egg  stage  for. 
 to  years  if  


5.  The  eggs  of  some  species  must  be  subjected  to 
 before  they  will  develop, 

6.  The  larvae  of  all  mosquitoes  live  in  . 

7.  Mosquitoes  have  adapted  themselves  to  almost  all 

kinds  of  aquatic  situations  except  : — 

and  

8.  Water  characteristics  that  affect  mosquito  larvae 

are    ,    .   

 ,  and  other 


9.  Mosquito  larvae  have  three  distinct  body  regions: 
the  ,  and  .  

10.  The  head  bears  the  ,   !_, 

and  .  

11.  The  thorax  is  broader  than  the  or 
 and  is  somewhat  ■  . 

12.  The  abdomen  is  long  and  subcylindrical,  consist- 
ing  of  well-defined  . 

13.  The  mosquito  pupa  lives  

and  is  

14.  The  pupal  stage  lasts  from  

(o  a  

15.  The  adult  mosquitoisa  ►  ► 

insect  with  a  slender  ,  one  pair  of 
narrow     —  and  three  pairs  of   

16.  The  head  of  a  mosquito  is  almost  

and  is  joined  to  the  thorax  by  a  narrow  

connection. 

17.  The  thorax,  or  middle  region  of  the  body,  bears 
the  and  


604*  Given  statements  concerning  the  general  habits  of 
adult  mosquitoes,  identify  and  correct  any  false 
statements. 

General  Habits  of  Adult  Mosquitoes.  About  equal 
numbers  of  male  and  female  mosquitoes  are  produced. 
The  males  ordinarily  emerge  first  and  remain  near 
the  breed  ing  places,  mating  with  the  females  soon  after 
their  emergence.  Only  Ihe  females  bite  and  most  (but 
not  all)  species  require  a  blood  meal  before  they  can 
lay  fertile  eggs.  The  female  tends  to  travel  greater 
distances  and  appears  to  live  longer  than  the  male. 


Flight  habits  vary  considerably,  Aedes  aegypti* 
probably  ihe  most  domesticated  of  all  mosquitoes, 
breeds  primarily  in  and  around  human  habitations 
and  flies  short  distances,  usually  a  '•block*  or  about 
100  yards.  Most  anophclines  have  a  maximum  flight 
range  of  about  I  mile.  However,  other  species,  such  as 
Aedes  vexans  and  Aedes  solUcitans  can  fly  10  to  20 
miles  or  more. 

Mosquitoes  also  vary  considerably  as  to  their  pre- 
ferred hosts,  some  species  feeding  on  cattle,  horses,  or 
other  domestic  animals,  while  others  prefer  man.  A 
few  species  feed  only  on  cold-blooded  animals  and 
some  subsist  entirely  on  nectar  or  plant  juices.  Some 
are  active  during  the  daytime  and  others  only  at  night. 

The  female  mosquito  requires  2  days  or  more  to 
digest  the  blood  meal  she  has  ingested,  lay  a  batch  of 
eggs,  and  then  seek  another  blood  meal  This  cycle  of 
feeding,  laying  eggs,  and  feeding  again  may  be  repeated 
four  or  five  times  or  more  in  the  time  betu  en  the  first 
blood  meal  ami  the  later  one  (10  to  14  days  afterward) 
when  the  mosquito  is  infective  and  can  pass  on  para- 
sites which  have  developed  in  her  body. 

The  lifespan  of  adult  mosquitoes  is  not  well  known. 
Some  species  apparently  live  I  or  2  months  during 
the  summer,  although  under  unfavorable  conditions 
this  time  may  be  greatly  reduced.  Adults  that  hibernate 
may  live  for  6  months  or  more. 


Exercises  (604); 

Place  a  C  by  correct  statements  and  an  I  by  incorrect 
statements:  explain  why  incorrect  statements  are  false. 
  L  There  are  more  female  than  male  mosquitoes. 


8+  Mosquitoes  show  no  preference  as  to  their 


host. 


2+  Males  ordinarily  emerge  first. 


3.  Males  usually  leave  the  breeding  places  soon 
after  emergence, 


4+  Males  mate  with  females  soon  after  emergence. 


5+  Only  females  bite. 


6,  All  species  require  a  blood  meal  before  they 
can  lay  fertile  eggs. 


7.  Flight  habits  vary  considerably  and  distances 
range  from  several  feet  £0  as  much  as  20 

miles. 


9.  The  female  mosquito  requires  2  days  or 
more  to  digest  a  blood  meal,  lay  a  batch  of 
eggs,  and  seek  another  blood  meal. 


10;  Hibernating  mosquitoes  may  live  as  long  as 
6  months  or  more. 


1-3.  Important  Mosquito  Species 

As  you  probably  know  by  now,  the  four  most 
important  genera  of  mosquitoes  are  the  Aedes. 
Anopheles,  Mansonia  and  Culex.  Vou  need  to  know 
as  much  as  you  can  about  the  species  in  these  genera  so 
that  you  can  control  them  for  medical  or,nuisance 
reasons.  Vou  also  should  be  familiar  with  these  and 
other  mosquitoes  that  are  pesis  to  domestic  animals. 


605.  Match  important  Aedes  mosquito  species  with 
their  identifying  characteristics. 


Important  Aedes  Mosquitoes*  The  genus  Aedes 
contains  more  than  500  species  distributed  from  the 
polar  regions  to  the  Tropics.  Almost  half  of  all  North 
American  mosquitoes  belong  to  this  genus*  which 
includes  many  of  the  major  pest  species  as  well  as 
important  disease  vectors.  There  are  some  60  species 
of  Aedes  known  from  the  United  States  of  which 
about  40  may  be  rather  common,  at  least  in  certain 
regions.  In  general  the  Aedes  mosquitoes  assume 
greater  importance  as  one  goes  from  the  Tropics 
northward.  In  the  n  on  hern  United  States,  as  well  as  in 
Canada  and  Alaska,  many  species  of  Aedes  occur  and 
are  often  present  in  astronomical  numbers.  Appendix 
B  has  been  included  in  the  supplement  to  this  volume 
for  you  to  refer  to  during  the  following  discussion. 

Aedes  aegyptL  This  mosquito  is  known  as  the 
yellow  fever  mosquito.  It  is  a  small,  dark  species  that 
you  can  recognize  by  the  lyre-shaped  silvery-white 
lines  on  the  thorax  and  by  the  white  bands  on  the  tarsal 
segments,  h  is  the  vector  of  urban  yellow  fever  and 
dengue.  It  is  a  pest  of  some  significance  when  it  occurs 
in  large  numbers. 

This  species  has  a  limited  distribution  within  the 
United  States,  It  occurs  in  the  Southeastern  and 
Southern  Slates,  extending  northward  to  North 
Carolina.  Tennessee,  and  Arkansas. 

Aedes  aegypti  is  semidomescicated,  breeding  almost 
exclusively  in  artificial  containers  in  and  around 
human  habitations.  The  eggs  are  laid  singly  on  the 
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sides  of  the  container  ai  or  above  the  waterline,  or*  less 
commonly,  on  the  water  surface.  They  are  able  to 
withstand  drying  for  several  monl  hsand  hatch  quickly 
when  the  container  is  again  filled  with  water  Hatching 
may  take  place  in  2  or  3  days  if  temperatures  are  high. 
Typical  breeding  places  are  flower  vases,  tin  cans;  jars* 
discarded  automobile  tires,  unused  water  closets, 
cisterns,  rain  barrels,  and  sagging  roof  gutters.  Aedes 
aegyptt  breed  also  in  tree  holes,  their  traditional 
breeding  site.  Under  favorable  conditions  the  larvae 
complete  their  development  in  about  6  to  10  days,  or  in 
much  longer  periods  irtafool  weather.  The  pupal  period 
is  about  2  days  under  normal  conditions.  The  life  cycle 
may  be  completed  in  10  days,  although  it  may  vary  up 
to  3  weeks  or  more.  It  breeds  throughout  the  year  in 
the  Tropics  with  generations  succeeding  each  other 
rapidly,  In  the  southern  United  States,  the  reproduc- 
tion rate  slows  down  during  the  winter,  and  the  eggs 
may  remain  dormant  for  several  weeks  or  months. 
This  species  is  very  susceptible  to  cold  and  does  not 
survive  the  winter  except  in  the  southern  United 
States, 

The  adults  apparently  prefer  the  blood  of  humans  to 
that  of  other  animals,  entering  houses  readily,  often 
those  that  are  well  screened.  Antes  aegypti  bites 
principally  during  the  morning  and  late  afternoon.  It 
attacks  quietly,  preferring  to  bite  about  the  ankles, 
under  coat  sleeves,  or  at  the  back  of  the  neck,  often 
becoming  a  troublesome  pest.  The  adults  appear  to  be 
rather  long  lived  as  they  live  4  months  or  more  in  the 
laboratory.  Their  flight  range  is  normally  about  100 
feet  to  100  yards,  but  long  distances  have  been 
recorded, 

Aedes  canadensis.  This  dark  mosquito  has  the  tarsi 
Danded  with  white  at  both  ends  of  the  segments.  It  is 
widely  distributed  in  the  United  States,  being  particu- 
larly common  in  the  Northern  States,  It  is  often  a 
serious  pest  in  woodland  situations  but  rarely  migrates 
far  from  its  breeding  places.  California  encephalitis 
has  been  found  tn  this  species. 

Aedes  canadensis  is  one  of  the  first  mosquitoes  to 
appear  in  early  spring.  The  larvae  breed  in  woodland 
pools  filled  with  meltingsnows  or  by  spring  rains.  This 
kind  of  mosquito  shows  preference  for  pools  with  a 
hottom  of  dead  and  decaying  leaves,  although  it  may 
also  be  found  in  roadside  puddles,  sink  holes,  wooded 
swamps  and  isolated  oxbows  of  small  woodland 
streams.  There  may  be  more  than  one  generation  per 
year  and  jhe  adults  Jive  for  severai  months. 

Aedes  dorsalLv  This  mosquito  is  medium  si7ed  and 
varies  in  color  from  dark  brown  to  a  whitish  straw 
color.  The  upper  surface  at  the  abdomen  is  marked 
with  a  longitudinal  stripe  of  pale  scales  and  the  hind 
tarsi  are  banded  with  yellowish  scales  at  both  *»nds  of 
the  segments.  Aet/e.s.dorsah's  isa  severe  p*&i  of  humans 
and  cattle  throughout  the  arid  and  scmiarid  regions  of 
western  United  States,  ]t  occurs  over  most  of  th 
country,  but  it  rare  and  unimportant  in  the  Eastern 
and  Southern  States.  ledes  mefanrtnmi  is  l/ery  similar 
to  ttnrsatis  (from  which  California  encephalitis  was 
first  isolated)  in  the  West. 


places:  a  flight 
The  females,  ar 
great  numbers  I 
place  in  the  egg 


The  larvae  develop  in  the  salt  marshes  of  the  Pacific 
Coast  and  in  irrigation  and  flood  waters  of  the  interior,  1 
It  is  a  common  breeder  in  irrigated  pastures  and  waste 
water  pools.  Several  broods  are  produced  each  year  in 
irrigated  areas*  W  brood  following  each  flooding, 

The  females  df  Aedes  dorsalis  are  vicious  biters. 
They  attack  dayjor'nightt  being  particularly  active  in 
the  evening  or  on  calm,  cloudy  days.  They  are  strong 
fliers  and  occasionally  migrate  in  large  broods.  They 
are  commonly  [found  10  miles  from  their  breeding 
>f  22  mites  has  been  recorded  in  Utah, 
d  at  times,  the  males,  may  be  taken  in 
in  light  traps.  Overwintering  takes 
stage,  moreover  the  eggs  may  remain 
viable  for  several  years. 

Aedes  soilkitans.  The  salt-marsh  mosquito  Aedes 
soiikhans  Is  tie  most  important  of  the  salt-marsh 
species  and  one  of  the  most  severe  mosquito  pests 
known.  It  occurs  along  the  Atlantic  and  Gulf  Coastal 
Plains  from  TvEaine  to  Texas  and  has  been  reported 
from  .many  inland  areas  where  brackish  waters  are 
available.  Sue  h  inland  records  include  New'  York, 
Indiana,  Kentucky.  Illinois,  Oklahoma,  Arkansas, 
and  New  Mexico.  Adults  can  be  recognized  by  the 
golden  color  of  the  upper  side  of  the  thorax  and  a 
longitudinal  stripe  of  white  or  yellowish-white  scales 
on  the  abdomen.  The  proboscis  and  tarsi  also  have 
wide  pale  bands.  The  eggs  of  this  species  are  laid  on  the 
mud  of  marshes  where  they  remain  until  flooded  by 
high  tides  oij  rains.  Breeding  generally  occurs  on  the 
parts  of  the  marsh  not  covered  by  daily  tides!  usually 
pot  holes  and  depressions  of  various  sizes  are  used,  but 
sometimes  tney  occur  over  extensive  level  areas.  The 
eggs  must  remain  dry  fqr  at  least  24  hours  before  they 
will  hatch,  Kfter  having  been  dry  for.  a  week  or  two, 
ihey  hatch/within  a  few  minutes  when  covered  with 
water.  Development  of  the  larval  and  pupal  stages 
requires  seven  to  len  days  during  warm  weather 
Several  generations  can  he  produced  each  year. 

The  adults  of  Aedes  soiiicitansare  strong  fliers  and 
often  migrate  in  large  swarms  from  the  marshes  to 
cities  a  not  owns  many  miles  away.  They  very  common- 
ly fly  5/to  10  miles  and  may  travel  up  to  40  miles  or 
more.  The  migratory  flights  begin  just  before  dark  and 
may  consist  of  tremendous  numbers  of  mosquitoes. 
During  the  day  they  rest  among  the  grasses,  though 
they /will  readily  attack  anyone  who  disturbs  them, 
e\etr  in  full  sunlight.  They  are  fierce  biters  and  may 
literally  drive  a  person  from  the  marsh  areas.  Fortu- 
nately* they  do  not  often  come  indoors.  They  have 
been  a  very  severe  deterrent  to  the  development  of 
tome  of  the  coastal  resort  areas.  They  are  often 
collected  in  light  traps  in  great  numbers, 

Aedes  taenia rhynehus*  The"  black  salt-marsh 
mosquito  has  crossbands  of  white  scales  on  the  upper 
side  of  the  abdomen  and  white  rings  on  the  proboscis 
and  tarsi.  It  occurs  on  the  coastal  plains  from  Massa- 
chusetts to  Texas  and  on  the  Pacific  coast  in  southern 
California,  It  has  also  been  reported  from  certain 
inland  areas  around  salt  pools  in  oil  fields.  It  is  the 
most  abundant  and  troublesome  salt-marsh  species 
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along  the  South  Florida  coasts  and  may  be  a  severe 
pest  as  far  north  as  New  Jersey. 

The  breeding  habits  are  similar  to  those  of  Aedes 
so  Meltons,  though  it  also  breeds  in  fresh  water-pools 
near  the  salt  marshes.  The  adults  are  strong  fliers  and 
fierce  biters.  They  are  active  principally  at  night  and 
are  suspected  vectors  of  California  encephalitis.  They 
may  be  very  annoying  in  the  shade  during  the  day.  but 
are  less  Ukely  than  Aedes  sollicitms  to  attack  in  bright 
sunlight.  The  flight  range  for  most  females  is  approxi- 
mately 4  miles. 

Aedes  triseriatus.  The  tree-hole  mosquito  is  blue- 
black  in  appearance  with  silvery-white  scales  at  the 
sides  of  the  thorax.  It  occurs  throughout  most  of 
eastern  United  States,  It  breeds  principally  in  tree 
holes,  old  tires*. tin  cases,  barrels  and  other  artificial 
containers.  Because  the  bite  is  painful,  this  species  can 
be  troublesome  in  the  woods.  It  is  suspected  of  carrying 
California  encephalitis.  Adults  apparently  do  not 
wander  far  from  their  breeding  places.  Larval  develop- 
ment is  rather  slow  as  nearly  a  month  is  required  to 
reach  maturity. 

Aedes  trivittatus.  This  species  is  widely  distributed 
in  northern  United  States  from  Maine  to  Idaho.  It  has 
been  taken  as  far  south  as  Georgia.  Louisiana,  and 
Arizona.  It  is  a  fierce  biter  and  an  extremely  annoying 
pest  in  some  of  the  Northern  States.  It  is  a  suspected 
vector  of  California  encephalitis.  The  upper  surface  of 
the  thorax  is  marked  with  two  conspicuous  whitish 
stripes, 

The  larvae  occur  mostly  in  flood-water  pools  and 
temporary  rain  pools.  The  yound  larvae  feed  at  the 
surface  of  the  water,  but  the  later  instars  spend  most  of 
their  time  concealed  in  the  vegetation  at  the  bottom  of 
the  pool.  Perhaps  it  is  for  this  reason  that  larvae  are 
seldom  encountered  even  though  adults  may  be 
present  in  large  numbers.  Emergence  of  adults  begins 
about  5  days  after  hatching.  The  adults  rest  among 
grasses  and  other  vegetation  during  the  daytime.  They 
will  bite  when  disturbed,  but  are  especially  active  in  the 
evening.  They  apparently  do  not  migrate  far. 


Exercises  (605): 

Maich  the  Aedes  mosquito  species  in  column  B  with 
applicable  characteristics  in  column  A.  Place  the  letter 
of  the  species  in  the  blank  space  by  the  characteristic. 
Some  characteristics  may  apply  to  more  than  one 
species. 


.-I  *  Charactrrisnts  B*  Spvt  ies 

I  Small  and  dark  with  Lyre-shaped  a,  Aegvpti 

s l [very- wh us  lines  on  the  thorax,  b.  TaeTtiorhrnchus 

2.  The  tarsi  is  oaodcd^ilh  wbucat  c.  SofHciian* 

both  ends  of  the  segments.  d.  Trivtttatus 

5  Medium-sued  mosquito *ar>ing  e.  Trisenatuz 

from  dark  brown  10  u,huisb  T  Dorwtts 

straw  color  g.  Cantidrmti 

4,  Very  similar  to  Jorsalis.  h.  Kfaftinimuri 

5.  Mosi  important  of  the  *ali- 
marsh  species 


6h.  Found  on  ihe  .coastal  plains 

from  Massachusetts  10  Texas. 
7.  Tree-hole  mosquito. 
&  Fierce  biles  and  an  extremely 
.  annoying  pest. 

9.  Slrang  n*m  and  migrate  in  Lkrg<r 
swarms. 

Prefers  the  blood  of  humans  to 
that  or  other  animals. 
Principally  aeiive  at  nighi. 
11  Suspected  vector  of  California 

encephalitis. 
tJ,  vector  of  urban  yellow  fever. 
14,  Severe  pestof  humans  and  catite 
throughout  the  arid  and  semi- 
arid  regions  or  the  western 
United  States. 

One  of  the  first  mosquitoes  10 
appear  in  Ihe  early  spring. 
Egg*  must  dry  Tor  at  least  24 
hours  before  they  will  hatch. 
Widely  distributed  in  northern 
United  Stales  from  Maine  to 
Idaho. 
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15. 


16. 


17. 


606.  Complete  given  statements  concerning  important 
Anopheles  mosquitoes. 


Important  Anopheles  Mosquitoes.  Anopheline 
mosquitoes  are  distributed  throughout  the  United 
States,  one  or  more  species  being  present  in  every 
state.  Most  anophelines  have  spotted  wings  while  most 
culicines  have  clear  wings.  The  females  are  easily 
distinguished  from  the  culicines  by  having  palpt 
about  the  same  length  as  the  proboscis.  A  nop  he  lines 
can  usually  be  distinguished  also  by  their  resting 
position.  The  anophelines  rest  with  the  head,  thorax, 
and  abdomen  in  a  straight  line  normally  at  an  angle  of 
from  40°  to  90°  while theculicines  rest  nearly  parallel 
lo  the  surface. 

Appedix  B  is  included  in  a  separate  supplement  for 
your  reference  while  important  mosquito  species  are 
being  described. 

Anopheles  quadrimacutatus.  This  fairly  large,  dark- 
brown  mosquito  has  four  dark  spots  near  the  centerof 
each  wmg.  The  palpi  and  tarsi  are  entirely  dark. 

This  species  is  the  most  important  vectorof  malaria 
in  the  United  States.  It  is  the  anopheline  most  fre- 
quently found  in  houses,  and  is  more  likely  to  attack 
humans  than  any  other  anopheline  of  the  United 
States,  with  the  possible  exception  of  Anopheles 
freebomi  Careful  studies  have  shown  that  approxi- 
mately 5  percent  of  the  meals  are  human  blood. 
Anopheles  quadrimacuiatus  has  probably  been 
responsible  for  the  transmission  of  almost  all  human 
malaria  which  has  occurred  east  of  the  Rocky 
Mountains.  The  bites  are  less  painful  than  those  of 
many  other  species  0f  mosquitoes  and  often  go 
unnoticed. 

This  species  is  distributed  from  the  southeastern 
United  States  northward  to  southern  Quebec  and 
Ontario  and  westward  to  the  Dakotas.  central 
\ebrasica_  Kansas.  Oklah  oma.  and  Texas.  It  also 
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occurs  in  eastern  Mexico  as  far  south  as  VeraCniz.  It 
has  been  of  greatest  importance  in  the  South  Atlantic 
and  Gulf  Coastal  Plains  and  the  lower  Mississippi 
Hiver  Valley,  It  may  also  become  abundantattimes  in 
ureas  as  far  north  as  Minnesota.  Michigan.  N'ew  York, 
and  New  England. 

Anopheles  quadrimatulatus  breeds  chiefly  in 
permanent  fresh-water  pools,  ponds,  and  swamps  that 
contain  aquatic  vegetation  or  floating  debris.  It  is  most 
abundant  in  shallow  waters.  In  some  areas  it  appears 
to  favor  open*  sunlit  waters  while  in  others  it  is  found 
in  densely  shaded  swamps.  This  species  shows  a 
preference  for  clear,  quiet  waters  neutral  to  alkaline 
hi  does  not  usually  occur  where  the  pH  is  lower  than 

Anopheles  quadrimai utauu  larvae  can  withstand 
rather  low  temperatures,  but  they  do  not  complete 
their  development  at  temperatures  below  50  to  SS°  FT 
( 10.08  to  12.88  C.)  and  no  appreciable  development 
takes  place  until  the  waterrtemperature  reaches  65  to 
70P  F.  C).  Even  at  these  temperatures,  from 

30  to  35  days  may  be  required  for  development  of  the 
aquatic  stages.  The  most  favorable  temperature  for  the 
development  of  Atiopheiex  quatlrimaculatus  is 
between  85  to  90?  F.  (29  68  to  32.48  C.)  at  which  only 
about  to  14  days  arc  required,  Larvae  may  often  be 
found  where  water  surface  temperature  exceeds  1009 
F  during  the  afternoon,  although  they  probably 
cannot  survive  constant  water  temperatures  much 
ahove95°  F.  (35.28  CX 

The  males  emerge  first,  remainin^near  the  breeding 
places.  The  females  mate  soon  after  emergence,  often 
during  their  first  day.  either  before  or  after  the  first 
blood  meal,  A  female  may  mate  repeatedly,  although 
one  mating  is  sufficient  to  insure  Ihc  production  of 
Senile  eggs  during  her  entire  life.  Egg  laying  begins 
from  2  to  3  days  after  the  lirst  blood  meal,  A  single 
female  may  lay  as  many  as  12  batches  of  eggs  and  a 
total  of  over  3000  eggs. 

During  the  daytime  adults  remain  inactive,  rest  in 
cooi.  dump,  dark  shelters,  such  as  buildings,  caves, 
and  under  bridges.  Feeding  and  other  activity  occurs 
almost  entirely  at  night,  They  enter  houses  readily  to 
feed  upon  humans  but  they  feed  more  frequently  on 
uther  warm-blooded  animals,  sucb  as  cowsT  horses* 
mule^.  pigs,  and  chickens.  Normally  most  adults  fty 
not  more  than  one-half  mile  from  their  breeding  place 
and  only  a  small  percentage  fly  farther  than  I  mile. 
Antiplwte*  quadrmwufatus  is  not  ordinarily  taken  in 
light  traps  in  great  numbers. 

In  tht?  most  southern  part  of  the  country,  Anophefex 
xjaajritvatiflatus  breeds  Continuously  through  the 
\ear.  Oxer  most  of  its  range,  however,  it  spends  the 
winters  as  krtili/ed  adult  females  in  t;a\es.  hollow 
irees-.ha^ements.  und  oiher  protected  places.  In  all  but 
the  most  northern  areas  it  may  emerge  Irom  hiberna- 
tion and  nunc  about  and  lake  blood  meals  on  warm 
Javs  dunot  the  tinier.  In  the  spring  the  lemalcs 
emerge,  take  u  bku)d  meal  and  deposit  their  eggs. 
There  may  he  as  many  as  9  or  10  generations  each 
seuion.  Populations  often  reach  a  peak  during  July  or 


A  ugustjand  decline  rapidly  in  Septemberand  October. 
Hibernating  females  may  survive  for  4  to  3  months.    \  / 

Anopheles freebornt.  The  western  malaria  mosquito  OfS/ 
is  similar  in  appearance  to  Anopheles  quadrimaculch 
tils.  It  is  the  most  important  vector  of  malaria  in  /Q 
western  United  States.  It  enters  homes  and  animal 
shelters  readily  and  bites  avidly  at  dusk  and  at  dawn.' 
This  species  occurs  over  most  of  the  area  west  of  the 
Continental  Divide*  from  southern  British  Columbia 
to  Lower  California  and  may  occur  eastward  to  West 
Texas. 

Anopheles  freebomi  breeds  in  permanent  or  semi- 
permanent waters  at  least  partially  exposed  to  the 
sunlight  with  vegetation  or  flotage.  Clear,  clean, 
slightly  alkaline  water  is  preferred.  Larvae  may  also  be 
found  in  slightly  brackish  water  near  the  ocean  or  in 
desert  pools.  It  normally  avoids  water  polluted  with 
sewage  or  other  organic  materials.  Breeding  may  take 
place  in  habitats  very  similar  to  those  in  which  Ano- 
pheles quadrimaculatus  is  found,  but  it  has  for  the 
most  part  adapted  itself  to  seepage  areas,  borrow  pits, 
hoof  prints*  improperly  irrigated  fields*  and  the  edges 
of  streams  and  irrigation  canals.  Rice  fields  are  a 
particularly  favorable  breeding  place  for  this  species. 
This  mosquito  is  well  adapted  to  the  semiarid  region 
in  which  it  occurs.  / 

In  California.  Anopheles  freeborni  leave  their 
hibernating  places/in  February,  chain  a  blood  meal, 
and  Jay  eggs  for  the  first  generation.  Because  of  the 
abundance  of  breeding  places  at  this  time  of  year  and 
the  scarcity  .of  predators,  large  broods  develop. 
Succeeding  generations  are  greatly  reduced  in  range 
and  size  by  the  recession  of  waters,  except  where 
irrigation  waters  maintain  their  breeding  places,  In  late 
fall  at  the  end  of  the  dry  season,  females  migrate  long 
distances,  sometimes  10  to  12  miles  to  seek  shelter  in 
outbuildings,  homes,  and  cellars.  During  the  winter 
season  they  are  in  a  state  of  semihibernation  from 
which  they  emerge  on  warm  days  and  nights  for 
feeding.  The  winter  biting  is  sometimes  referred  to  as 
"nibbling,"  They  move  about  nervously*  often  attack- 
ing at  the  ankles  and  seldom  feeding  to  repletion. 
These  winter  feed.ngs  usually  do  not  result  in  develop- 
ment of  eggs.  They  may,  however,  result  in  the  trans- 
mission of  malaria. 

The  midseason  flight  range  of  Anopheles  freeborni 
is  generally  restricted  to  a  1-mile  radius.  In  cases  of 
very  heavy  production  in  rice  fields,  longer  (lights  up 
to  2'/»  miles  have"  been  noted.  Males  are  seldom  found 
more  than  one-quarter  mile  from  their  breeding  places. 

Exercises  (606}: 

1.  The  Anopheles  quatirimaculaitts  is  the  most 

important  vector  ol  in  the  United 

States. 

2.  Thequattrimact&itus  is  the  species  most  frequent- 
ly Inund  in  ,  and  is  more  likely  to 

attack  

3.  Approximately    percent  tri"  the 

qinulnmai  ulaiu.\  mea  Is  a  re  


4.  Th^^j^ffHyiz-fj/fl^jc  hifP  is  painful 

than  other  species  and  will  often  go  

5.  The"  Anopheles  freeborni  is  the  most  important 

vector  of  in  the  western  United 

States, 

6.  Rice  fields  are  particularly  favorable 
for  the  freeborni 

7.  The  freeborni  enters  homes  and  animal  shelters 
and  bites  avidly  at  and  at  

8.  The  freeborni  normally  avoids  waier  polluted 

with    or  other   

materials. 

9.  In  California,  freeborni  leave  their  hibernating 
places  in  '.  !  

10.  In  late  fall,  at  the  end  of  the  dry  season,/reefeomi 
 migrate  long  distances. 

[  I  Winter  feedings  by  freeborni  usually  do  not  result 
in  development  of  ;  however, 
 may  be  transmitted. 

t2t  Male  freeborni  are  seldom  found  more  than 
_:  from  their  breeding  places. 


607.  Indicate  whether  given  statements  concerning 
Culex  mosquitoes  arc  correct  or  incorrect 

Important  Culex  Mosquitoes.  The  genus  Culex 
includes  about  300  species.  Most  of  these  species  occur 
in  the  tropical  and  subtropical  regions  of  the  world. 
Although  some  26  species  have  been  reported  in  the 
United  States,  only  12  of  these  are  at  all  common.  The 
group  includes  several  important  pesi  species  and 
disease  vectors. 

Refer  to  Appendix  B  in  the  supplement  while  you 
are  studying  these  important  mosquito  species. 

Culex  pipiens  and  Cuiex  quinquefasciatus.  The 
northern  and  southern  house  mosquitoes  are  closely 
related  and  difficult  to  separate,  They  are  medium- 
sized,  brown  mosquitoes  with  cross  bands  of  white 
scales  on  the  abdominal  segments  but  no  other  promi- 
nent markings.  Culex  pipiens.  the  northern  house 
mosquito,  occurs  throughout  the  northern  United 
States  and  extends  as  far  south  as  Georgia  and 
Oklahoma.  Cuiex  pipiens  qttinquefascratus.  the 
southern  house  mosquito,  occurs  in  all  [he  Southern 
States  from  coast  to  Coast  and  extends  northward  to 
Nebraska. Iowa.  Illinois,  and  Ohio.  One  or  both  of 
these  mosquito  species  are  found  in  every  State. 

The  house  mosquitoes  are  the  most  common  species 
in  many  of  our  urban  communities  and  rural  premises. 
They  often  enter  houses  where  their  habit  of  "singing" 
is  very  annoying.  Culex  quinquefasiiatus  is  a  severe 
pest.  Cuiex  pipiens  may  also  feed  on  man.  Members 
of  the  Culex  pipiens  quinquefasciatus  complex  are 
important  vectors  in  urban  epidemics  of  St.  Louis 
encephalitis*  particularly  .in  the  Midwest. 

Cuiex  pipiens  and  Cuiex  quinquefasciativi  breed 
politically  in  rain  barrels,  tanks,  [in  cans,  and 
practically  all  types -of  artificial  containers.  Other 
important  sources  of  [hese  mosquitoes  are  storm- 
>ewer  caich  basins,  poorly  drained  street  gutters. 


polluted  ground  pools,  cesspools,  open  septic  tanks* 
and  effluent  drains1  from  sewage  disposal  plants.  A 
heavy  production  of  bouse  mosquitoes  is  often  associ- 
ated with  unsanitary  conditions. 

These  mosquitoes  lay  their  eggs  in  clusters  of  from 
50  to  400  eggs-  The  clusters,  known  as  egg  rafts,  float 
on  the  surface  of  the  water.  The  eggs  hatch  within  a 
day  or  two  in  warm  weather.  From  8  to  10  days  are 
required  for  completion  of  the  larval  and  pupal  stages. 
In  somewhat  cooler  weather  or  early  spring  or  late  fall 
these  aquatic  stages  may  require  2  weeks  or  more. 
Breeding  continues  throughout  the  warmer  monttjs  of 
the  year.  Some  can  survive  and  produce  fertile  eggs 
without  a  blood  meaL 

These  species  do  not  migrate  far  except  when  great 
numbers  are  being  produced.  Ordinarily,  when  adults 
are  present,  larvae  will  be  found  nearby*  They  art 
active  only  at  night  and  may  be  found  resting  during 
the  day  in  and  around  houses,  chicken  bouses,  out* 
buildings,  and  various  shelters  near  their  breeding 
places.  They  are  readily  attracted  to  light  traps. 

Culex  tarsalis.  This  mosquito  is  a  medium-sized, 
dark  species  with  a  broad,  white  band  at  the  middle  of 
the  proboscis  and  white  bands  at  each  end  of  the  tarsal 
segments.  It  is  a  fairly  important  pest  species  in  some 
parts  of  its  range.  It  is  more  active  soon  after  dusk  and 
may  enter  buildings  in  search  of  blood.  Culex  tarsalis 
has  been  found  naturally  infected  with  the  virus  of 
both  St.  Louis  and  Western  encephalitis.  Laboratory 
experiments  have  also  demonstrated  its  ability  to 
transmit  bo'ii  d  iseases.  Epidemiological  studies 
carried  on  m  several  Western  States  indicate  that  is  it 
more  frequently  infected  with  these  viruses  than  are 
other  mosquitoes.  The  infection  is  apparently  ac- 
quired from  feeding  upon  birds  and  later  transmitting 
it  to  0[her  birds  or  to  horses  or  humans.  It  is  con- 
sidered to  be  one  of  the  most,  or  possibly  the  most 
important  vector  of  encephalitis  to  humans  or  horses 
in  the  western  states. 

Culex  tarsalis  is  widely  distributed  west  of  the 
Mississippi  River  including  southern  Canada  and 
northern  Mexico.  It  is  also  known  from  Wisconsin 
and  .is  most  abundant  along  the  Pacific  coast.  In 
California,  it  occurs  from  sea  level  up  to  7600  feet  in 
the  Sierra  Nevada.  It  is  essentially  a  rural  mosquito. 

The  larvae  develop  in  a  wide  variety  of  aquatic  situa- 
tions. In  the  aricrandsemiarid  regions,  they  use  almost 
ail  types  of  water,  but  they  aremos[  frequently  found 
in  temporary  to  semipermanent  bodies  of  water 
associated  with  irrigation.  These  areas  include  canals, 
ditches,  borrow  pits,  impoundments,  ground  pools, 
and  hoof  prints.  They  breed  in  water  flowing  from 
cesspools  and  other  waters  containing  large  quantities 
of  organic  material  from  human  wastes.  They  also 
breed  in  artificial  containers  of  various  types,  such  as 
cans,  jars,  barrels,  drinking  troughs,  ornamental 
ponds,  and  catch  basins.  Females  deposit  at  least  two 
rafts  of  eggs,  usually  containing  from  100  to  150eggs 
each.  Hatching  normally  occurs  within  48  hours,  The 
larval  and  pupal  stages  develop  rapidly  and  breeding 
continues  from  early  spring  until  late  fall 
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Adults  are  active  chiefly  from  dusk  to  dawn.  During 
daylight  hours  the  adults  remain  at  rest  in  secluded 
spots.  They  frequently  can  be  found  on  porches,  on 
shaded  sides  of  buildings,  in  privies,  or  under  bridges. 
The  majority,  however,  rest  in  grass  and  shrubs,  or' 
along  cut  banks  of  streams.  Cutex  tarsatts  apparently 
must  have  a  blood  meal  in  order  to  produce  fertile 
eggs.  It  has  a  wide  range  of  hosts  but  shows  some 
preference  for  birds,  though  it  also  commonly  feeds  on 
cows,  horses,  and  humans.  Dispersion  studies  have 
shown  that  Cutex  tarsatbs  will  fly  at  least  H  miles, 
although  the  majority  probably  remain  within  a  mile 
of  their  breeding  places.  Considerable  numbers  of 
Cutex  tarsatts  may  be  collected  in  light  traps  and 
carbon  dioxide  traps.  , 

Cuiex  nigripalpus*  This  mosquito  is  principally 
tropical,  but  it  occurs  as  far  north  as  Tennessee  and  I 
North  Carolina*  It  is  quite  common  in  Florida  and  | 
becomes  an  important  pest  species  in  flooded  fields,  f 
Larvae  are  also  found, in  ditches  and  grassy  pools.] 
Culex  nigripatpus  is  the  proven  vector  of  St.  Louis; 
encephalitis  virus  in  the  Tampa  Bay  outbreak  in  1962.; 

Exercises  (607): 

Identify  the  following  statements  as  correct  (C)  or 

incorrect  (I):  correct  the  false  statements. 

  L  The  genus  Cutex  includes  about  300  species 

found  in  the  tropical  and  subtropical  regions 

of  the  world. 


  8.  Cuiex  tarsatts  has  been  found  naturally 

infected   with   St.   Louis   and  Western 


encephalitis. 


  9.  TarsiJis  larvae  develop  in  all  kinds  of  water 

except  in  waters  containing  large  amounts  of 
organic  material. 


  10.  Tarsatts  apparently  requires  a  blood  meal  in 

order  to  produce  fertile  eggs. 


 II.  Tarsatts  has  wide  variety  of  hosts  but  ex- 
cludes birds. 


 12,  Cutex  nignpaipus  is  the  proven  vector  of  St. 

Louis  encephalitis  v.'rus. 


608.  Complete  given  statements  that  pertain  to  the* 
characteristics  of  important  Man&onia  mosquitoes. 


2,  The  northern  and  southern  house  mos- 
quitoes are  closely  related  and  difficult  ho 
separate. 


3,  Members  of  the  Cuiex pipienx  quihque facia- 
(us  complex  are  important  vectors  in  urban 
epidemics  of  Western  encephalitis.  _ 


4.  A  heavy  production  of  house  msnquitoes  is 
often  associated  with  unsanitary  conditions. 


5  Cufei  mosquitoes  lay  their  eggs  lGatatime^ 


6,  Eight  io  10  days  are  required  for  hatching 
tjegs  in  warm  weather. 


^  A  blood  mtral  is  required  tor  fertile  eggs. 


Important  Mansonia  Mosquitoes.  This  group 
includes  three  species  in  the  United  States,  one 
of  which  is  very  widespread  and  common.  They  are 
troublesome  biters  and  severe  pests  in  many  areas. 
Mansonia  eggs  are  laid  in  rafts  on  marshes  or  lakes. 
After  hatching,  the  larvae  descend  below  the  surface  of 
the  water  and  insert  their  air  tubes  into  the  stems  or 
roots  of  aquatic  plants.  They  remain  below  the  water 
surface  throughout  the  larval  and  pupal  stages  obtain- 
ing air  from  these  plants.  Because  of  this  unique  habit. 
Mansonia  larvae  cannot  be  controlled  by  use  of 
ordinary  surface  [arvicides. 

Xfamoma  penurhans.  This  mosquito  is  large, 
speckled,  and  brown  and  white  with  a  characteristic 
pale  band  at  about  ths  outer  third  of  the  hind  femur 
and  tibia,  It  is  distributed  in  the  Southern  and 
Eastern  States  from  the  gulf  coast  toCanada.  It  is  also 
known  from  some  of  the  Great  Plains  and  Rocky 
Mountain  States  and  from  the  four  Pacific  Coast 
States*  This  species  has  been  found  naturally  infected 
with  the  virus  of  eastern  encephalitis  in  Georgia.  Its 
.role  in  the  epidemiology  of  this  has  not  been  established, 

Xfansonia perturhans  hreed  in  marshes,  ponds,  and 
lakes  having  a  thick  growth  of  aquatic  vegetation. 
Larval  development  is  it n usually  slow,  requiring 
several  months.  The  larvae  that  hatch  one  season  do 
not  ordinarily  complete  their  development  until  the 
following  spring.  They  remain  below  the  water  surface 
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throughout  this  period  though  they  may  detach  from 
their  host  plants  and  move  about.  The  pupae  also  have 
breathing  tubes  adapted  for  penetrating  plant  tissaes 
and  they  too  attach  to  plants  from  which  t^iey get  their 
air.  The  pupal  stage  requires  5  to  6  days.  The  adults 
emerge  in  late  spring  or  early  summer.  There  appears 
to  be  only  one  generation  per  year  throughout  most 
of  the  range  of  this  species.  It  is  possible  that  a  partial 
second  brood  may  be  produced  in  Florida.  Larvae 
have  been  found  associated  with  a  number  of  plants. 
Some  of  the  more  important  ones  are  pickerel  weed, 
cattail,  water  lettuce,  arrowhead,  aquatic  sedges,  and 
swamp  loosestrife. 

The  females  will  bite  during  the  daytime  in  shady, 
humid  places,  but  are  principally  active  in  the  evening 
and  early  part  of  the  night.  They  readily  enter  houses 
and  bite  viciously  These  strong  fliers  are  frequently 
taken  in  light  trap  collections. 

.\fansonia  titillons.  This  tropical  species  is  fairly 
common  in  Florida  and  has  also  been  reported  from 
South  Texas.  It  has  been  found  in  nature  infected 
with  Venezuelan  equine  encephalitis  virus.  The  adults 
are  severe  biters  and  fairly  important  pests  in  Florida. 
The  eggs  of  Mansonia  titillons  are  laid  on  the  ^nder 
surface  of  the  leaves  of  water  lettuce.  The  larvae  and 
pupae  attach  to  the  roots  of  this  plant,  developing  in 
the  same  manner  as  described  for  Mansonia  pertur* 
bans.  The  adults  are  frequently  taken  in  light  traps. 


Exercises  (608): 
I.  Mansonia  mosquitoes  include 
species  in  the  United  States. 


2.  They  are  troublesome 


and  severe 


in  many  areas'. 


3.  They  remain  below  the  water  surface  throughout 
the  and  stages. 

4.  Mansonia  larvae  cannot  be  Controlled  by  the  use 
of  ordinary  larvicides. 

5.  Mansonia  perturhans  have  been  found  naturally 
infected  with  the  of  

6.  Perturbans  larval  development  is  unusually  slow, 
requiring  

7.  Larvae  which  hatch  one  season  do  not  ordinarily 
complete  their  development  until  

H.  The  female  perturbans  will  bite  during  the  day- 
time in  shady,  humid  places  but  are  principally 
active  in  the  and  

9.  These  strong   fliers  are  frequently  taken  in 


10.  Xfansonia  titUUans  is  a . 
common  in   


 species  fairly 

 and  has  also  been 

reported  from  -  

I  L  Mansonto  ritillians  has  been  Found  in  nature 

infected  with  virus. 

12.  TheN;ggsare  laid  on  the  under  surface  of  the  leaves 
of  


609,  Match  listed  mosquito  species  Important  to 
domestic  animals  with  the  appropriate  characteristic*. 


Mosquitoes  Important  to  Domestic  Animab. 

Almost  all  mosquito  species  will;  attack  domestic 
animals,  such  as  horses,  cows  and  dogs  from  time  to 
time,  but  most  are  not  considered  to  be  serious  pests 
of  these  animals.  However,  there  are  a  few  species  that 
actually  prefer  these  animals  and  are  serious  medical 
or  nuisance  pests. 

Trie  Aedes  atlanticus,  Aedes  tormentor,  and  Aedes 
infirrnatus  are  almost  identical  in  appearance  and  can 
be  separated  only  in  the  larval  sta^e  or  by  a  study  of 
the  male  genitalia.  They  are  distributed  throughout 
the  Southeastern  States.  The  females  are  vicious  biters 
attacking  readily  during  the  daytime  in  or  near 
wooded  areas.  They  have  been  reported  driving  cattle 
from  woodlands  by  their  attacks.  The  virus  of  Cali- 
fornia encephalitis  has  been  isolated  repeatedly  from 
this  group  of  mosquitoes. 

The  Aedes  spencehi  is  an  important  pest  mosquito 
of  the  prairie  regions  of  Minnesota,  North  Dakota. 
Montana,  northward  Into  Canada,  and  southward  to 
Illinois,  Iowa*  Nebraska,  Colorado,  and  Utah.  The 
females  are  fierce  biters,  attacking  during  the  day, 
even  in  bright  sunlight*  They  are  serious  pests  of  man 
and  livestock.  They  often  migrate  into  cities  and 
towns,  but  the  extent  of  their  flight  range  has  not  been 
determined.  There  b  probably  only  one  generation  a 
year.  The  larvae  are  found  in  surface  pools  filled  by 
melting  snow  or  spring  rains, 

The  Aedes  nigromaculis  is  a  medium-sized,  dark 
mosquito  that  has  a  longitudinal  line  oT  yellowish- 
white  scales  on  the  upper  surface  of  the  abdomen.  It 
has  bands  of  white  scales  at  the.  base  of  the  tarsi 
segments  but  not  at  the  apex.  This  species  is  an 
important  pest^mosquito  throughout  the  western 
plains  extendinglfrom  Minnesota  west  to  Washington 
and  south  to  Texas  and  Mexico,  During  recent  years 
it  has  assumed  great  prominence  in  the  irrigated 
pastures  of  the  West*  especially  in  the  Central  Valley 
of  California,  The  remarkable  spread  of  this  species 
is  indicated  by  the  fact  that  it  was  not  known  in 
California  until  1937.  It  now  occurs  over  most  of  the 
State  at  the  lower  elevations  and  is  rapidly  replacing 
Aedes  dorsatis  in  open  sunlit  pools  of  waste  irrigation 
and  other  intermittent  water. 

This  species  has  proved  to  be  extremely. well  adapted 
to  pasture  irrigation.  The  eggs  will  hatch  within  2  to 
6  days  after  they  are  deposited,  if  flooding  occurs. 
A  edes  nigromaculis  Is  able  to  produce  a  brood  follow- 
ing each  irrigation,  which  is  usually  at  intervals  of  8 
to  12  days  in  the  Central  Valley  of  California.  Under 
favorable  conditions*  a  brood  may  be  produced  within. 
5  days*  and  as  many  as  20  broods  can  be  produced  in 
one  season.  In  most  areas  of  the  San  Joaquin  Valley* 
Aedes  nigromacului  is  now  the  number  one  pest 
problem  and  is  present  in  astronomical  numbers.  For 
example,  a  light  trap  operating  for  three  nights  near 
an  irrigated  pasture  collected  almost  a  gallon  of 
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mosquiiws.  predominantly  Aeries  mgromaruiis.  As 
many  as  20  mi  lion  eggs  or  this  species  may  be  found  in 
a  single  acre  of  Irrigated  pasture. 

The  adult  is  a  severe  pesttof  man  and  animals, 
attacking  readily  and  inflicting  a  painful  bit.  It  will 
bite  during  the  daytime  but  is  most  active  during  the 
evening  hours.  It  is  a  strong  flier  and  may  migrate 
several  miles  from  its  breeding  ground.  This  species 
passes  the  winter  in  the  egg  stage. 

The  Cuiiseta  mtidens  is  the  most  common  culicine 
mosquito  with  spotted  wings  in  the  United  States.  It  is 
principally  western  in  distribution,  being  reported 
from  Texas.  Oklahoma.  Nebraska,  and  all  States  to 
the  uest,  In  some  areas,  it  is  a  troublesome  pest  while 
mothers  it  seems  timid  about  biting  man.  It  is  reported 
as  feeding  more  frequently  on  domestic  animals. 
Cuiwta  mcUttns  breeds  in  a  wide  variety  of  habitats 
Irom  ihc  brackish  water  pools  on  the  Pacific  coast  to 
spring  water  and  snow  pools  in  the  mountains.  It  has 
also  been  taken  in  reservoirs,  ornamental  ponds,  hoof 
prints,  rain  barrels,  and  discarded  automobile  tires. 

The  Cuhseta  mnrnaia  is  a  large,  grayish* brown 
mosquito  with  broad,  lightly  scaled  wings.  It  has  been 
reported  from  almost  alt  the  States  eXL-ept  in  upper 
New  England.  In  the  Northern  and  Western  States  it 
hreeds  throughout  thesprtngand  summer.  whUein  the 
South  it  is  more  common  during  the  winter.  They  do 
nut  readily  attack  man.  but  they  do  attack  domesti- 
cated animals  and  may  he  of  considerable  annoyance 
to  livestock.  Cuiiseta  inornate  has  *  been  found 
naturally  infected  with  the  virus  of  Western  encepha- 
litis and  in  laboratory  experiments  it  has  been  shown 
capable  of  transmitting  the  virus.  Its  habits  indicate 
that  is  is  unlikely  to  be  an  important  vector  of  this 
disease  to  man. 

l~he  P\nr(tj>ht>ra  ton/hints  is  known  as  the  giades 
mosquito  to  Nunda  and  the  dark  rice  field  mosquito 
in  Arkansas  and  adjacent  rice-prod ucmg  areas.  It  is  a 
medium  to  large  dark  species  having  a  narrow  ring  of 
white  scales  near  the  apex  of  the  hind  femur.  P&aro- 
phnru  *nrtfrnr}i\  is  the  most  widespread  and  important 
species  ol  Pu>mpiior<j  in  the  United  States.  It  occurs 
throughout  southern  United  States,  extending  west- 
ward to  South  California  and  northward  to  Nebraska 
and  Iowa.  New  York,  and  Massachusetts,  h  reaches  its 
area  iv  si  abundance  m  the  Morida  Everglades  and  in 
the  nee  fieids  of  Arkansas  and  Mississippi.  The 
lemales  are  tierce  biters,  attacking  anytime  during  the 
day  or  night.  Great  numbers  of  these  mosquitoes  may 
occasionally  kill  livestock  and  ean  make  it  almosi 
unbearable  for  humans  to  remain  in  infested  outdoor 
areas. 

Pmnif'hfjttj  tonthrrm  breeds  in  temporary  rain 
pduL.  irrigation  waters,  and  seepage  pools.  Eggs  are 
»oe  laid  on  uatersu  Maces  but  on  ground  that  is  subject 
to  Hooding  Irom  rainfall  overflow,  or  irrigation.  Soil 
with  low,  rank  vegetation  seems  to  be  ideal  lor  egg 
deposition.  Drained  rice  Melds  are  among  tht-  most 
1  jwirahle  sites.  Eggs  vt  ill  hatch  alter  4  or  5  da^sil  the> 
Lire  submerged  at  that  lime,  II  lhe>  remain  on  the 
surface  ol  the  sod  Inr  two  or  three  weeks  or  loneer  and 


are  then  flooded,  hatching  may  begin  within  a  few 
minutes.  Psorophora  conjlnrds  passes the  winter  in  the 
egg  stage.  The  larval  period  for  Psorophora  conjlrtnis 
is  very  short.  During  midsummer  in  Arkansas,  it  may 
be  completed  in  asjittle  as  4  days.  The  average  time  at 
a  mean  temperature  of  79°  F.  (26.32  Gfpfe  slightly 
over  5  days.  The  pupal  stage  is  completed' in  I  or  2 
days.  The  number  of  generations  per  season  varies 
from  one  to  many,  depending  upon  how  often  suitable 
hatching  conditions  occur.  Areas  that  dry  up  and  are 
then  flooded  a  few  days  later  may  produce  a  brood 
with  each  flooding.  Such  conditions  are  provided  with 
certain  types  of  irigation.  particularly  rice  culture. 
Adults  live  from  I  to  2  months.  They  have  a  flight 
range  of  up  to  10  miles. 

The  Psorophora  ci/taro  is  a  very  large,  yellowish- 
brown  mosquito  withshaggy  legs,  which  is  ^mmonly 
known  as  the  gailinipper.  It  is  a  vfciot  and 
because  of  its  large  size  presents  a  terrifsi,'.,  ippeai- 
ance.  Psorophora  dUaia  is  widespread  through 
eastern  United  States  from  Mexico  to  Canada,  being 
abundant  locally  in  the  South  and  Middle  West.  When 
present  in  numbers  it  is^i  severe  pest,  attacking  readily 
during  the  dayffme'as  well  as  in  the  evening. 

It  is  one  of  the  few  species  whose  larvae  feed  on 
other  aquatic  insects  including  mosquito  larvae.  It 
breeds  in  temporary  pools,  often  in  association  with 
Psorophora  cortfmnisand  Aedesvexnns  upon  which  it 
feeds.  The  fourth  instaj  larvae  may  consume  three  or 
four  other  larvae  In  1  day.  Psorophora crtrtolarvae  are 
easijy  recogn:*ed  in  the  field  as  they  are  two  or  more 
times  as  long  as  most  other  species.  They  hang  almost 
straight  down  from  the  water  surface.  The  larval  and 
pupal  life  is  short  as. is  characteristic  of  this  group  of 
mosquitoes.  The  eggs  are  laid  on  the  surface  of  drying 
soil  and  hatch  when  flooded  as'with  Psorophora 

Ct>nfrrirll.\, 

^ 

Exercises  (609): 

Match  each  mosquito  species  in  column  B  with  the 
appropriate  statements  in  column  A  pertaining  to  its 
characteristics.  Place  the  letter  of  the  appropriate 
species  in  the  blank  spaces  by  the  characteristics. 


 I.  Arc  dlmnM  identical  andean    a.  Aedvs  miptimairults 

he  separdtfd  onl>  in  larval  h,  Puinyphitra  uinjitmi.* 
stable  lit  b\  *iimly  oi  trie  male   c.  -Itv/c.T  ipenvvtti 

  J.  larvae  round  in  pt>uis  lined  e.  ^Cutt&ew  mvidtns 

with  mchmu  snow  or  sprints    t    Aedts  aitamieus. 
.  rami  turmtrtttir,  mtirnialiLs 

V         unknown  in  California   g  Cuhsrta  mtyrnata 
until  \9?1 

 .   4.  KiHwn  as  the  eiadei  w^utfo 

in  l-bnda, 
^  <  "nrnmnnh    knuun  as  the 

„         ft  L"jlkl*  considerable  unnov-  ■- 

ana:  tn  hvtsiuck  hut  do  not 
nLTm[ill>  aitaeW  rrvin 


  7.  In  M>me  areas  it  is  a  trouble- 

ume  pest  while  in  other 
areas  «  uems  iimid  about 
btiing  man. 

-  8,  One  of  the  few  species  whose 
larvae  feeds  on  other  aquatic 
insects  including  Mosquito 
larva*  . 

  9.  Have  keen  reported  driving 

cattle  from  woodlands  by 
iheir  attacks. 
IOl  Mosi  widespread  and  im- 
portant species  of  pxorty- 
phora  in  the  United  States. 

  tt.  At  many  as  20  broods  may 

be  produced  in  one  season. 

  t2.  The  females  art  fierce  biien'. 

allocking  during  the  day  or 
even  in  the  bright  sunlight. 

  13.  Found  to  be  naturally  in- 
fected with  Wesiera  enceph- 
alitis. 


1-4.  Mosquito  Surveys  and  Control  Methods 

Adult  and  Larval  mosquito  surveys  are  essential  for 
any  effective  mosquito  control  program.  Because  the 
larval  stage  of  development  is  the  most  susccptibleto 
control,  you  should  direct  your  efforts  toward  this 
stage  whenever  you  can.  However,  there  will  be  times 
when  you  must  control  adult  mosquitoes  by  mechani- 
cal and  chemical  means.  The  adult  survey  will  help  you 
know  when  such  a  control  program  is  necessary. 


6 ID.  Complete  given  statements  concerning  the 
purpose  for  conducting  mosquito  surveys,  and  match 
listed  mosquito  species  with  the  appropriate  c  -  "action 
method  used  to  gather  the  vanojp  species. 

Surveys  are  essential  for  the  planning,  operation, 
and  evaluation  of  any  effective  mosquito  control 
program,  whether  for  the  prevention  of  mosquito- 
borne  diseases  or  the  lowering  of  populations  of  these 
biting  insects  to  a  level  permitting  normal  activities 
without  undue  discomfort. 

Purpose  of  Conducting  Adult  Mosquito  Survey. 
The  adult  survey  permits  evaluation  of  the  incidence 
of  mosquitoes  in  a  community  where  they  may  bite 
people,  and  shows  the  relative  abundance  of  the 
various  species  present  at  any  time.  Using  this  infor- 
mation and  reference  material  on  the  breeding  sites 
and  habits  of  mosquito  species,  the  vector  control 
specialist  can  determine  the  need  for  a  control  pro* 
gram  and  conduct  an  effective  search  for  the  larval 
breeding  places.  The  adult  mosquito  survey  furnishes 
data  for  using  space  spraying  equipment  ac  the, best 
time  and  place*  and  for  reporting  to  supervisor  and  to 
the  public  the  extent  of  the  problem  and  results  of 
control  operations.  Interpreting  adult  mosquito 
survey  reports  and  translating  this  information  to 
action  will  save  manpower,  materials,  and  equipment 
and  furnish  justification  for  the  entire  operation. 


Equipment.  The  required  equipment  is  simple  arid 
inexpensive.  It  consists  of  a  collecting  tube  or  aspir- 
ator, pill  boxes,  cages  (f  or  Kve  collections),  field  record 
forms  or  notebook,  pencil,  flashlight,  and  map. 

Collection  Methods.  The  methods  you  use  to  collect 
mosquitoes  depend  upon  the  species  to  be  collected  as  *\ 
mosquito  species  vary  greatly  in  habits,  Vr 

Biting  collections-  The  collection  of  mosquitoes  as  - 
they  bite  is  a  convenient  method  of  sampling  popula- 
tions. In  making  biting  collections  or  counts;  you 
'should  expose  part  of  your  body  by  rolling  up  your 
sleeves  or  t  rouse r  legs  or  by  removing  your  shirt.  Sit 
quietly  for  a  designated  period  of  time  (usually  10  or 
15  minutes).  The  mosquitoes  are  collected  with  an 
aspirator  or  chloroform  tube,  either  by  the  collector 
or  a'  coworker.  In  many  parts  of  the  Tropics  it  is 
customary  to  make  biting  collections  about  sundown 
from  a  domestic  animal,  such  as  a"  white  horse.  If  you 
take  collections  at  night,  you  need  a  flashlight. 
Whether  you  take  counts  from  human  beings  or 
animals,  you  should  remember  that  certain  individuals 
are  more  attractive  to  mosquitoes  than  others.  It  is 
therefore  desirable  for  the  same  person  or  ahimal  to 
be  used  throughout  a  given  survey.  Collections  must 
be  made  at  regular  intervals  and  at  approximately  the 
same  time  of  day  so  that  biting  rates  at  different 
stations  may  be  compared  to  show  trends  in  mosquito 
populations. 

With  day-biting  species,  the  index  may  be  based 
upon  the  number  of  mosquitoes  that  alight  upon  one's 
clothing  in  a  given  time  interval  (the  larJing  rate), 
rather  than  those  actually  in  biting  position.  This 
method  is  more  practical  when  populations  are  very 
high  and  is.  useful  for  a  rapid  check  of  mosquito 
abundance  before  and  after  treatment.  The  landing- 
rate  method  has  been  used  especially  with  certain 
species  of  Aedesor  Psorophora  found  in  salt  marshes* 
rice  fields*  or  the  arctic  and  subarctic  tundras. 

Bait  traps.  Animal  bait  traps,  or  stable  traps  have 
been  used  extensively  in  the  West  Indies,  South 
America,  and  other  parts  of  the  world.  Bait  traps  are 
somewhat  expensive  to  build,  transport,  and  maintain, 
but  a  series  of  these  traps  will  collect  live  mosquitoes 
over  a  wide  areas  for  a  whole  night  without  large 
numbers  of  other  insects  and  in  areas  where  electric 
power  is  not  available.  The  animal  is  generally  placed 
in  the  trap  in  the  evening  and  left  overnight.  The  trap  is 
inspected  early  in  the  morningand  the  mosquitoes  are 
counted  and/or  collected.  Horses,  calves*  mules, 
donkeys,  and  sheep  have  been  used  as  attractants. 

Window  traps.  Window  traps  employing  the  same 
principle  as  the  animal  bait  trap  are  somtimes  used:  the 
humans  sleeping  inside  serve  as  bait  animals.  The 
baffles  can  be  mounted  in  the  windows  of  the  buildings 
with  the  screen  cages  inside  to  catch  mosquitoes  as 
ihey  enter.  On  malaria  control  programs  the  cages 
usually  are  placed  outside  because  mosquitoes' that 
have  rested  on  pesticide  treated  surfaces  often  have  a 
positive  phototroptc  reaction  and  try  to  fly  out  of  a 
treated  house. 
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Carbon* dioxide  /raps*  Solidified  carbon  dioxide 
{dry  ice)  will  attract  large  numbers  of  some  mosquito 
species.  Ttm  type  of  trap  is  generally  haited  with 
about  3  pounds  of  dry,ice  and  wrapped  in  newspaper/ 
It  is  very  effective  in  collecting  large  numbers  of 
Cuiex  tar  satis. 

insect  nets.  Insect  nets  are  used  to  collect  mosquitoes 
from  grass  and  other  vegetation.  This  type  of  collec- 
tion is  of  value  in  determining  the  abundance  of  those 
species  that  rest  in  these  habitats  during  the  daytime, 
Such  as,  Aedes  vexms.  Aedes  sollicitans.^  Aedes 
taeniorhynchus,  .an&Aede$  nigromaculis. 

Daytime  resting  stations*  Adults  of  many  species  are 
inactive  during  the  day,  resting  quietly  in  dark,  cool 
humid  places.  Careful  inspection  of  daytime  shelters 
gives  an  index  to  ,the  population  density  of  these 
mosquitoes.  This  methpd  is  especially  useful  for 
anopheline  mosquitoes  and  is  commonly  used  for 
Anopheles  quadnmaculat  us  and  Anopheles  freeborni. 
It  is  also  of  value  in  estimating  populations  of  some 
cultcines*  such  as  Culex  qumqttefasciatus,  Cuiex 
tarsaih.  and  Culiseta  melanura.  Mosquito  resting 
stations  may  be  divided  into  two  general  types: 
natural  and  artificial. 

Natural  resting  stations  are  places  normally  present 
in  an  area,  such  as  houses,  stables,  chickenhouses. 
privies,  culverts,  bridges,  caves-  hollow  trees,  and 
overhanging  banks  along  streams-  With  experience 
you  can  evaluate  the  suitability  of  shelters  by  casual 
inspection.  Dwellings,  especially  when  unscreened, 
often  prove  to  be  satisfactory  resting  stations,  being 
especially  important  when  mosquito-borne  diseases 
are  investigated,  Under  such  conditions  they  furnish 
an  index  to  the  number  of  mosquitoes  which  may  bite 
man  and  transmit  encephalitis  or  other  diseases. 

Suitable  resting  stations  may  not  be  available  in 
sufficient  numbers  to  give  a  satisfactory  evaluation  of 
the  mosquito  population.  It  may  be  necessary  to 
construct  special  shelters  or  to  use  boxes*  barrels,  kegs, 
etc.,  as  artificial  resting  stations,  Many  different  types 
ol  artificial  shelters  have  been  used.  They  should 
always  he  placed  near  the  suspected  breeding  places  in 
shaded,  humid  locations.  Mosquitoes  enter  such 
.shelters  at  dawn,  probably  in  response  to  changes  in 
light  intensity  and  humidity  and  ordinarily  do  not 
leave  Until  dubk< 

Light  rraps.  Mosquito  light  traps  attract  adults  from 
a  considerable  area  when  they  are  placed  in  locations 
remote  from  competing  light  sources. 

The  mosquito  light  trap  is  mounted  on  a  post,  or 
hung  from  a  tree,  with  the  light  5f/i  to  6  feet  above  the 
ground  ft  should  be  located  30  or  more  feet  from 
buildings  in  open  areas  near  trees  and  shrubs  It  should 
not  he  placed  near  other  lights,  in  areas  open  to  strong 
winds,  or  near  industrial  plants  giving  off  smoke  or 
gas,  Phe  iraps  are  operated  on  a  regular  schedule  from 
one  to  seven  nights  per  week.  They  arc  turned  On  just 
bdorc  dark  and  turned  olf  after  daylight,  You  can  use 
arrautomatic  time  dock  or  photoelectric  cell  to  start 
and  stop  the  trap,  or  you  can  turn  the  trap  on  and  off 


by  hand.  The  collection  should  be  removed  each 
morning  and  placed  in  a  properly  labeled  box  until  it 
can  be  sorted  and  identified.  , 
Wide  differences  have  been  noted  in  the  reactions' 
of  different  species  of  mosquitoes  to  light  Therefore, 
Nght  trap  collections  must  be  used  in  conjunction  with 
other  methods  of  sampling  mosquito  populations. 
They  have  proven  very  useful  in  measuring  densities  of 
some  mosquitoes*  such  as  Aedes  solticitans*  Aedes 
vexans*  Aedes  nigromaculitis.  Culex  pipiens.  Man- 
sania  perturbanj.  Some  anophelines  especially 
Anopheles  albimanus.  Anopheles  crucians.  Anophe- 
les  arropos*  and  Anapheles-waikeri*  are  also  readily 
taken  in  light  traps.  The  common  mosquito,  Anophe* 
ies  quadrimaculatus.  however*  is  seldom  taken  in 
significant  numbers, 

/ 

Exercises  <610):  ^  , 

1.  Complete  the  following  statements  concerning  the 

conduct  of  mosquito  surveys  by  filling  in  me  blanks 

with  the  appropriate  words. 

a.  Surveysareessentialforthe  f  

and  .  -Ofany  effective  mosquito  control 

program. 

b.  Theadultsurveypermitse^ajuationof — 1  

  mosquitoes  *  in  a  community 

where  they  may  bite  people. 

Interpreting  adult  mosquito  survey  reports  and 
translating  this  information  to  action  will  save 

 .  ,  and  and 

will  furnish  for  the  entire  operation. 

d.  The  required  equipment  is    and 

e.  The  collection  of  mosquitoes  as  they  bite  is  a 
convenient  method  of  sampling  

{.  In  many  parts  of  the  Tropics  it  is  customary  to 
make  biting  collections  about  sundown  from  a 

g.  It  is  desirable  for  the  same  person  or  animal  to 
be  used  ^  £L  .  

h.  Collections  must  be  made  at  inter- 
vals and  at  approximately  the  same  


i.  Animal  bait  traps  have  been  used  extensivelv  ih 

the    .  

and  other  parts  of  the  world 
,j.  Window  traps  are  used  with  

serving  as  bait  animals, 
k.  Carbon  dioxide  traps  are  effective  in  collecting 

 mosquitoes. 

I.  Insect  nets  are  used  for  collecting  mosquitoes 

from  and  other  

ttl  NaturaJ  resting  places  are  places  _J  

present  in  an  area, 
n,  Mosquitoes  usually  enter  shelters  at  , 

probably  in  response  to  changes  in  

and  

o.  Light  traps  aitract  adults  from  a  considerable 

area  when  they  arc  placed  in  locations  remote 

from  :  > 
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p.  Wide  variation  shave  been  noted  in  the  reactions 
of  different  species  of  mosquitoes  to  


2.  Match  mosquito  species  in  column  B,  with  the 
appropriate  collection  methods  in  column  A.  Place 
a  number  of  the  species  in  the  blank  space  by  the 
collection  method.  "  k 


A  -  Cottetiion  Method 
a,  Carbon  diOKtdc  traps. 
Window  traps 
Bail  "trap* 
Insect  nets 
Light  trap* 
Resting  stations 
Biting  collections 
Landing  rate 
i.  Day  biting  collections 

/ 


B  -  Species 

1.  Aedes  soiliciians 

2.  Psorophora 

3.  Cuk.j  rarsatb 

4r  Atdes  racniorhynehus 

5<  Anopheles  freebomi 

6.  Aedes  nigromaeutis 

7.  Aedes  vexans 

8.  Anopheles 
quadrimacuiatm 

9.  Cirfiseta  mehnura 

10.  CuUx  quinquefaici&itLt 

1 1 .  Cuiex  pipiens 

12.  \fansonia  perturbans 

13.  Anopheles  albimanus 

14.  Anopheles  wolkeri 

15.  Anopheles  crucians 

16.  Anopheles  airapos 


61 K  Complete  given  statements  concerning  the 
purpose  for  conducting  larval- mosquito  surveys  and 
the  equipment  required;  match  statements  concerning 
collection  methods  with  the  appropriate  irosquito 
species  collected. 


#  Conducting  Larval  Mosquito  Surreys.  Mosquito 
larvae  are  found  in  allotypes  of  aquatic  habitats  from 
warm,  brackish*  seaside  marshes  to  the  pure,  cold 
water  of  melted  snows.  ThcV  are  found  in  sucrTdiverse 
locations  as  rivers,  lakes  and  ponds,  crab  holes,  pitcher 
plants,  eave  troughs,  funerary  urns,  bottles,  cans, 
reservoirs,  tree  holes,  old  tires,  and  vases. 

Vou  must  assume  that  mosquitoes  have  adapted 
themselves  to  almost  every  conceivable  type  of  aquatic 
situation.  You  must  have  information  regarding  the 
.  general  breeding  habits  of  the  species  known  or 
suspected  to  be  present  in  the  area  before  you  begin 
larval  surveys.  An  experience  person  may  be  able  to 
spot  the  probable,  mosquito  breeding  places  in  a 
specific  areas  by  means  of  a  rapid  reconnaissance 
survey.  These  places  should  be  carefully  numbered 
and  marked  on  the  map. 

Purpose.  Larval  surveys  are  required  to  determine 
the  specific  breeding  sites  and  establish  permanent 
larval  sampling  stations.  Larval  surveys  show  the 
exact  areas  in  which  mosquitoes  breed  and. their 
relative  abundance.  For  this  reason  they  are  of  special 
value  in  control  operations. 

Equipment.  A  white  enamel  dipper  about  4  inches  in 
diameter  is  most  used  for  collecting  mosquito  Larvae. 
You  can  extend  the  handle  of  such  a  dipper  to  a  con- 


venient length  by  inserting  a  suitable  piece  of  cane  or 
wood.  Many  special  dippers  are  used  for  specific 
purposes  so  that  their  capacity  can  be  related  directly 
to  the  water  surface  area  examined.  Thus,  you  can 
compute  the  number  of  larvae  per  square  foot  or 
square  meter  with  reasonable  accuracy. 

To  inspect  small  artificial  containers  or  cisterns  you 
may  need  a  flashlight  or  a  .mirror  to  reflect  light  into 
the  breeding  place.  You  can  use  large  bulb  pipettes  or 
siphons  made  of  rubber  tubing  to  remove  water  from 
small  obscure  arcasfsuch  as  tree  holes.  The  water  may  ' 
then  be  put  in  a  dipper  or  pan  where  the  larvae  are 
counted  and  collected.  Widemouthed  pipettes  (eye  - 
droppers)  are  used  for  removing  larvae  from  the 
dipper  or  pan;  small  vials,  preferably  with  screwcaps, 
serve  to  hold  the  larvae  until  they  can  be  identified  or 
mounted  on  slides..  Screened-bottom  spoons  may  be 
substituted  for  pipettes  if  the  larvae  are  to  be  trans- 
ferred to  widemouthed  bottles.  Alcohol  of  95  percent 
strength  is  a  most  satisfactory  preservative  but  70 
percent  alcohol  is  in  common  use. 

Collection  methods.  Mosquito  larvae  are  usually 
found  where  surface  vegetation  or  debris  are  present. 
Thus,  in  the  larger  pond  or  lakes,  larvae  are  ordinarily 
confined  to  the  marginal  areas.  It  is  necessary  to 
proceed  slowly  and  carefully  in  searching  for  mosquito 
larvae,  as  disturbance  of  the  water  or  casting  of 
shadows  may  cause  the  larvae  to  dive  to  the  bottom. 
Anopheline  larvae  are  collected  bya  skimming  move- 
ment of  the  dipper  with  one  side  pressed  just  below  the 
surface.  The  stroke  is  ended  just  before  the  dipper  is 
full  since  larvae  will  be  lost  if  the  dipper  is  filled  to  the 
point  that  it  runs  over.  Where  clumps  of  erect  vegeta- 
tion are  present,  it  is  best  to  press  the  dipper  into  such 
clumps  with  one  edge  depressed  so  that  thewater  flows 
from  the  vegetation  into  the  dipper.  Culicine  larvae, 
such  as  Aedes  uexewu,  soUicitans,  or  taeniorhynchus 
or  the  species  of  Psorophora.  require  a  quicker  motion 
of  the  dipper  because  they  are  more  likely  to  dive 
below  the  surface  when  disturbed. 

You  should  always  record  the  number  of  dips  made 
and  the  number  of  larvae  found.  The  larvae  are  trans- 
ferred to  small  vials  by  a  wide-mouthed  pipette  and 
preserved  in  alcohol  for  later  identification,  ft  is 
possible  to  get  a  rough  idea  o(  the  breeding  rates  by 
computing  the  number  of  larvae  of  each  species  per 
dip.  The  number  of  dips  required  depends  upon  the 
size  of  the  area,  but  for  convenience  they  should  be 
made  in  multiples  of  ten.,  Inspections  should  be  made 
at  intervals  of  1  to  2  wee)4s  during  the  breeding  season 
because  areas  entirely  negative  at  one  time  may  be 
found  breeding  heavily  at  other  times. 

Variations  in  the  procedure  described  above  are 
required  when  inspecting  for  certain  species.  For 
example, nMansonia  larvae  remain  below  the  water 
surface  throughout  their  development,  You  can  find 
these  larvae- by  pulling  up  aquatic  plants  (cattail, 
sedges,  pickerelwced*  etc.)  and  washing  them  in  a  pan 
of  water.  A  search  of  the  bottom  muck  a  nd  trash  frorn  j 
the  area  where  the  host  plants  have  been  uprooted  may' 
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be  productive.  Scoop  this  material  and  examine  it  in' 
pans  of  clear  water. 

Inspection  for  Aedes  aegypti  involves  a  careful 
search  for  artificial  containers  in  which  these  domestic 
mosquitoes  breed.  Such  inspections  are  usually  made 
on  a  premises-by-premises  basis  where  bottles,  tin 
cans,  vases*  automobile  tires,  and  all  other  containers 
of  water  are  examined.  You  can  find  the  Aedes  aegypti 
index  by  dividing  the  total  number  of  premises  in- 
spected into  the  number  in  which  breeding  is  found. 
Collection  of  the  larvae  may  require  a  dipper  but  is 
more  frequently  accomplished  directly  by  means  of  a 
wide  mouthed  pipette. 

Inspection  for  Aedes  triseriatus and  Aedes sierre nsis 
involves  searching  for  tree  holes  and  artificial  con- 
tainers in  which  these  species  breed.  These  are  often 
too  small  to  admit  an  ordinary  dipper,  but  water  may 
be  siphoned  into  a  dipper  or  pan  where  you  can  see  the 
larvae. 


Exercises  (611):  -  ^  . 

I.  Complete  the  following  statements  concerning  the 

conduct  of  mosquito  larval  surveys. 

a.  Mosquito  larvae  are  found  in  all  types  of 


6 1 2. Complete  gjven  statements  pertaining  to  methods 
used  in  controlling  mosquito  larvae. 


Larval  surveys  are  required  to  determine  the 

specific    and  establish 

permanent  larval 


c. 


Special  dippers  are  used  to  determine  the 
number  of  .  


Screen-bottom  - 
for  


f erred  to  — 

Alcohol  of 
satisfactory 


 may  be  substituted 

if  the  larvae  are  to  be  trans- 
 bottles. 


  percent  is  the  most 

preservative  but   

percent  alcohol  is  m  common  use. 

When  collecting  culicine  larvae,  disturbing  the 

surface  or  casting  a  shadow  will  cause  the  larvae 

to  .  

Yuu  should  always  record  the  number  of  

made  and  the  number  of  found. 

Inspections  should  be  made  at  intervals  of 

 to  weeks, 

Variations  in  procedures  are  required  when 
inspecting  for   


Match  the  mosquito  specie*  in  column  B  with  the 
collection  methods  in  column  Ar, 


Skimming  *ith  dipper  T 

Pulhng  up  jquatic  plants  2 

jrul  mashing  m  j  pun  nl  j, 

vindler  4 

S:ivTpini;  up  muck  and  5 

wjshm^  m  clear  water  s 
Inspecting  jmikul  J 

Scjrchini;  tree  h<.lo  ^ 
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Biological  Control.  Mosquito-eating  fish  offer  the 
greatest  opportunities  in  biological  control  for  the 
average  nonrescarch  mosquito  control  organization, 
Many  mosquito  abatement  districts  raise  and  distri- 
bute top  minnows  (such  as  Gambusia)  and  other  small 
fish  to  control  mosquitoes  in  cisterns,  water  tanks, 
garden  pools,  and  marshes. 

In  Hawaiiand  the  South  Pacific,  not-too-successful 
control  has  been  attempted  using  the  larvae  of 
Tcxcrhynchites  {formerly  Afegarhinus)  to  devour  the 
Jar»*ae  of  Aedes  aegypti  and  Aedes  aibopiaus.  In 
Canada  and  Alaska  careful  observations  have  been 
made  of  the  predaceous  larvae  of  Chaoborus,  Mach- 
lonyx*  and  Eucorethra  in  the  biological  control  of 
Aedes  larvae,. 

Other  possibilities  of  biological  control  methods 
include  the  use  of  parasites  and  bacteria,  although 
these  methods  have  not  proven  to  be  effective  or 
practical  at  ttiis  time.  The  planting  of  trees  in  certain 
locations  to  shade  bodies  of  water  where  light* 
requiring  mosquito  larvae  abound  shows  good 
i  prospects. 

Construction  and  Maintenance  Control.  The  filling 
of  mosquito  breeding  places  with  soil.  rock,  or  rubbish 
is  the  most  permanent  kind  of  mosquito  control 
operations,  being  of  particular  value  in  the  elimination 
.  of  small  depressions  that  do  not  require  a  good  deal  of 
material  Filling  operations  often  add  value  to  the 
property. 

Mosquito  control  may  be  accomplished  by  open 
ditching*  subsoil  drainage,  and  diking  with  use  of  tide 
gates,  The  choice  of  these  methods  depends  upon 
many  factors,  such  as  relative  cost,  terrain,  soil  type, 
and  extent  of  mosquito  breeding  areas. 

Sanitation  Control.  The  method  used  in  controlling 
mosquito  larvae  involves  the  removal  of  vegetation 
from  impounded  waterand  the  removal  ofallartificial 
water  containers,  such  as  cans,  bottles,  and  tires. 

Chemical  Control.  If  areas  cannot  be  drained  or 
filled  at  reasonable  cost  and  control  by  fish,  salifica- 
tion, or  other  naturalistic  methods  are  not  possible, 
[arvicidal  control  is  often  the  method  of  choice. 
Larvicidal  control  is  of  primary  importance  in  areas 
where  immediate  control  of  pest  or  disease-carrying 
mosquitoes  is  necessary,  particularly  in  cases  of 
extensive  flooding  following  such  natural  disasters 
as  hurricanes  or  prolonged  rainy  seasons. 

The  synthetic  organic  insecticides  may  be  applied  as 
dust,  pellets  or  granular  formulations,  wettable 
powders,  solutions*  emulsions  or  technical*  jgrade 
material.  Ousts  have  been  widely  used  as  mosquito 
larvictdes.  but  they  are  light,  subject  to  air  currents 
and  spotty  application,  and  may  stick  to  leaves.  Peliets 
or  granular  formuiations  have  a  larger  particle  size 
permitting  them  to  slip  through  leaves  or  dense  vege- 
tation reaching  the  water  surface  to  kill  mosquito 
larvae.  Wettable  powders  are  frequently  used  in  the 


prehatch  treatment  of  areas  for  the  control  of  mosquito 
larvae.  These  wettabfe  powders  may  be  applied  on 
snow  and  ice  or  on  earth  in  dried-up  mosquito  breeding 
areas  seeded  with  eggs  of  temporary  pool  mosquitoes. 
Oil  solutions  may  be  sprayed  on  water  surfaces  to  kill 
both  anopheline  and  culicine  larvae  and  pupae, 
particularly  in  waters  witfi  high  organic  content.  Most 
mosquito  control  organizations  continue  to  use  some 
petroleum  oil  to  kill  mosquito  larvae  that  are  resistant 
to  the  organic  insecticides.  Emulsions  have  been 
employed  extensively  in  treating  irrigated  waters,  such 
as  rice  fields,  where  oil  solutions  would  be  toxic  to 
cultivated  plantsrThe  water  in  the  emulsion  serves 
as  a  carrier  for  the  minute  oil  droplets  containing 
insecticides,  facilitating  treatment  of  large  areas  with 
hydraulic  equipment.  The  emulsion  breaks  almost 
immediately  after  the  spraying  operation,  producing 
an  oil  Him  upon  the  surface  of  the  breeding  area. 
Technical  grade  insecticides  are  used  particularly  with 
the  ULV  (ultra  low  volume)  method  of  control,  often 
from  airplanes. 

Petroleum  oils  were  the  first  of  the  larvicides  to  be 
widely  used,  following  the  pioneer  research  of  L  O. 
Howard  in  1892.  on  the  use  of  kerosene  to  kill  mos- 
quito larvae.  Petroleum  oils  are  toxic  to  the  eggs, 
larvae  and  pupae  of  both  anopheline  and  culicine 
mosquitoes.  There  are  two  lethal  fractions  in  petrol- 
eum oils  used  for  mosquito  control:  a  toxic  fraction* 
with  low  boiling  range  and  high  volatility,  which 
penetrates  the  tracheae  of  larvae  and  pupae  and 
produces  an  anesthetic  effect;  and  a  lasting  fraction 
which  acts  much  slower  and  generally  does  not  have 
any  direct  toxic  action  but  suffocates  by  mechanical 
interference  with  breathing. 

NOTE:  It  is  recommended  that  the  larvkide  be  a 
different  chemical  from  that  used  for  adult  control 
For  example,  it  may  be  desirable  to  use  Paris  green  or 
fuel  pil  with  a  spreading  agent  as  a  larvicide,  and 
malathionasan  adulticide*  Prior  to  implementing  any 
type  of  control  program,  insure  that  the  program  is 
one  that  has  been  approved  by  appropriate  agencies. 


Exercises  (612): 
L  Mosquito-earing  offer  the  greatest 

opportunities  in  the  biological  control-  of 
mosquitoes. 

2  Many  mosquito  abatement  districts  distribute  top 
minnows  and  other  small  fish  to  control  mos- 
quitoes in   \  .    . 

 :  and  

3.  [n  Hawaii  and  the  South  Pacific,  control  has  been 
attempted  using  the  larvae  of  Toxorhynchhes  to 
devour  the  larvae  of  

J  The  planting  of  trees  to  shade  belies  of  water 

where   .   larvae  abound  show* 

good  prospects. 

5.  Filling  of  mosquito  breeding  places  is  the  most 
 of  mosquito  operations. 

6.  Sanitation  control  involves  the   of 

 from  impounded  water. 


7.  Larvicidal  control  involves  the  use  of  

in  the  control  of  larvae. 
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to  and  may  stick  to  

9.  Wettable  are  frequently  used  in 

 treatment  of  areas  for  the  ^control 

of  
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12.  Technical  grade  insecticides  are  used  particularly 
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 ,  and  of  both  a  nophe- 

line  and  culicine  mosquitoes. 
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613.  Complete  given  statements  concerning  the 
methods  used  for  controlling  adult  mosquitoes. 

You  can  effectively  control  adult  mosquitoes  by 
using  mechanical  and  chemical  controls. 

Mechanical  Control.  Adequate  screening  of  all 
occupied  structures  is  a  must.  Bed  nets  should  be  used 
under  field  conditions  when  screening  of  structures  is 
impossible  or  impractical.  r 

Screening.  Screens  are  made  of  galvanized  iron, 
co  pper,  bronze,  aluminum,  or  plastic.  Near  the  ocean 
iron  and  copper  screens  are  not  recommended  because 
of  the  corrosive  action  of  salt  sprays.  Plastic1  screens 
have  given  yean  of  good  service  in  these  areas.  Screens 
must  be  of  the  proper  mesh,  must  fit  tightly  and  be 
kept  in  good  repaii* The  ordinary  window  screen  with 
16  *  !6or  14*  18  meshes  to  the  inch  will  keep  out  most 
mosquitoes,  but  screens  with  16  *  20  or23  mesh  may 
be  necessary  in  areas  with  small  mosquitoes,  such  as 
Aedes  aegypu  and  Aedes  taeniorhynchus,  according 
to  most  authorities.  Frequentfy,\iosquitoes  follow 
people  into  buildings  or  enter  on  the  human  host.  For 
this  reason,  screen  doors  should  open  outward  and 
*  have  automatic  closing  devices.  Residual' insecticide 
applications  on  and  around  screen  doors  give  added 
protection.  Xylene  emulsions  of  insecticides  often 
affect  the  galvanizing  on  ordinary  iron  screens,  with 
subsequent  rust  problems;and  may  affect  some  plastic 
screens.  Therefore,  kerosene  solutions  are  preferable 
for  such  residual  sprays. 

Bed  nets.  The  bed  net,  or  mosquito  bar.  is  a  useful 
item  in  temporary  camps  and  in  the  Tropics,  Mosquito 
netting  is  a  cotton  or  nylon  cloth  with  23  to  26  meshes 
per  inch.  White  netting  is  best,  as  mosquitoes  acciden- 
tally admitted  into  the  net  are  easily  seen  and  killed. 
Most  bed  nets  are  rectangular  in  shape  and  large 
enough  to  permit  a  person^to  sit  up  in  bed.  The  net  is 
suspended  over  the  bed  and  tucked  in  under  the 

1  36x 


mattress.  An  aerosol  bomb' may  be  used  to  kill 
mosquitoes  in  the  net  before  the  person  retires,  or  they 
can  be  killed  by  hand. 

Chemical  Control*  Adult  mosquitoes  can  be 
controlled  effectively  by  applying  chemicals  as 
aerosols,  mists,  fo^,  dusts,  and  residuals. 

Aerosols.  Aerosol  bombs  are  used  to  kill  mosquitoes 
in  homes,  temporary  lodging  facilities,  and  field  tents. 
A  few  seconds'  release  of  the  aerosol  will  kill  all  species 
of  mosquitoes  (and  flies,  midges,  and  gnats)  in  an 
ordinary-sized  room,  tent,  or  trailer.  It  is  not  hazard- 
ous to  humans  if  used  as  directed  on  the  container. 

FoRRing  and  misting.  Fogging  and  misting  opera- 
tions are  conducted  during  the  late  afternoon  and 
early  evening,  at  night,  or  in  the  early  morning  when 
the  air  is  calm,  or  winds  vary  from  1  to  6  miles  an  hour. 
If  winds  are  exceptionally  strong,  fogs  and  mists  are 
dispersed  so  swiftly  that  effectiveness  is  reduced. 
Similarly,  fogs  generated  during  the  middle  of  a  hot. 
day,  may  drift  across  hot  pavements  or  roads  and  be 
dispersed  by  rising  currents  of  warm  air  known  as 
thermals.  By  contrast,  at  night,  there  may  be  an 
inwrsion  of  air  temperature  so  that  fogs  are  held  close 
to  the  ground  as  thick,  long-lasting  blankets,  pro- 
ducing excellent  control  of  mosquitoes,  Under  normal 
operating  conditions,  the  space-spraying  machines 
travel  a  J  S  to  7  (averaging  5)  miles  per  hour  Some  of 
the  larger  thermal  fog  generators  have  a  rated  maxi- 
mum output  of  about  40  gallons  per  hour,  but 
normally  disperse  IS  to  25  gallons  per  hour  Many  of 
the  larger  mist  machines,  have  a  greater  output. 

Outdoor  space  treatments  with  mist  or  fog  machines 
have  been  carried  out  effectively  against  species  of 
Aedes*  Culex*  Mansonia,  and  Psomphora  mosquitoes, 
DDT  was  formerly  the  insecticide  of  choice  as  a  space 
spray,  hut  the  development  of  resistance  to  this  and 
other  chlorinated  hydrocarbons  as  well  as  the  residue 
problem,  have  led  to  the  use  of  the  less  persistent 
organic  phosphorus  and  carbamate  compounds. 
Su&ceptihle  populations  of  mosquitoes  can  be  reduced 
effectively  by  the  use  of  fuel,  oil  solutions  containing 
pesticides  that  are  recommended  for  this  use  in 
accordance  with  the  pesticide  label  and  Appendix  A 
{included  in  a  separate  supplement). 

For  example,  when  40  gallons  or  more  of  6  percent 
malathion  fog  solution  is  applied  per  hour  over  a 
swath  width  of  one  city  block  (about  300  feet)  at  a 
\ehiele  speed  of  S  miles  per  hour  downwind,  good 
control  of  adult  mosquitoes  will  ensue. 

Jests  tn  Florida  and  Georgia  have  shown  little 
difference  in  the  biological  efficacy  of  thermal  and 
ntinthcrmal  fogs.  A  number  of  "cold  foggcrs"  have 
heen  developed  which  give  effective  control  in  experi- 
mental field  inals. 

Mist  applicators  can  h*_'  calibrated  to  give  applica- 
tions ofas  much  as  0.5  pound  per  acre  in  wind  velocities 
as  high  js  10  mile?*  per  huur.  Mists  nettle  much  mure 
rapidly  than  togs.  The  problem  lies  in  obtaining  a 
>utficicntt\  small  particle  size  to  obtain  an  adequate 
>\vath  width. 


Space  spraying  is  the  chief  activity  of  many  orga- 
nized mosquito  abatement1  districts  and  is  (wrongly) 
the  only  method  used  by  an  even  larger  number  of 
communities  which  attempt  to  reduce  mosquito 
annoyance.  .  y 

Control  of  adult  mosquitoes  by  space  spraying  gives 
only  temporary  control.  If  mosquito  populations  are 
high,  and  the  species  are  strong  fliers,  such  as  pest 
mosquitoes  in  the  genera  Aedes,  Culex.  Mansonia, 
and  Psorophora*  migration  back  into  the  area  may 
occur  following  treatment  making  daily  applications 
nectisary. 

Dusting.  In  past  years  there  has  been  much  interest 
in  the  use  of  dusts  for  adult  mosquito  control  Three 
percent  gamma  isomer  BHC  agricultural  dusts  have 
been  used  for  emergency  mosquito  control  in  many 
parts  of  the  country.  It  has  given  good  results  because 
of  the  immediate  knockdown  and  a  short  residual 
action  when  resting  mosquitoes  came  in  contact  with 
the  dust  particles  on  vegetation.  Recent  tests  in 
Georgia  and  Florida  with  groundrdispersed  dusts 
(10%  and  7,5%)  of  carbaryl  produced  99  percent 
reduction  of  adult  salt-marsh  mosquitoes  at  dosages 
of  0.2  and  0.3  pound  oT  carbaryl  per  acre. 

Residual  sprays.  Residual  spraying  is  the  applica- 
tion of  an  insecticide  to  a  surface  in  order  to  leave  a 
film,  or  a  deposit  of  crystals,  which  will  kill  insects  for 
weeks  or  months  thereafter  This  method  is  particular- 
ly adapted  to  the  control  of  Anopheles  mosquitoes 
because  of  their  habit  of  entering  buildijngsand  resting 
on  surfaces.  This  method  can  also  be  used  against 
other  house-frequenting  mosquitoes  including 
important  vectors  of  encephalitis*  such  as  Cute* 
tarsalis.  and  Cuiex  quinquefosctatus*  or  carriers  of 
yellow  fever  and  dengue,  such  as  Aedcs  aegyptL 

The  insecticides  .are  usually  chlorinated  hydro- 
carbons or  organic  phosphorus  compounds  applied  as 
solutions,  emulsions,  or  suspensions.  In  the  United 
States,  oil  solutions  or  water  emulsions  have  been 
widely  used  because  these  formulations  do  not  leave 
unsightly  deposits  in  houses  with  painted  walls, 
wallpaper,  or  good  furniture.  In  most  tropical  areas, 
water  suspensions  have  been  used  because  of  economy 
in  transporting  an^  handling  water-wettable  powders. 
The  powdery  deposit  of  these  suspensions  is  not 
particularly  noticeable  of  objectionable  on  mud. 
adobe,  or  thatched  walls  or  roofs,  and  the  insecticide 
is  readily  available  to  kill  mosquitoes,  rather  than 
being  absorbed  into  the  sprayed  surfaces  as  is  the  case 
with  solutions  or  emulsions, 


Exercises  (613); 
E,  Screens  of  iron  and  copper  are  not  recommended 

near  the  because  of  the  

of  

2,  The  Aedes  aegypii  mosquito  requires  screen  with 

  or   

mesh- 


3 


3.  Since  mosquitoes  follow  hosts  into  buildings, 
screen  doors  should  open  .  and  have 


.  devices. 


4.  The  bed  net  or . 
item  in  


.camps  and  in  the. 


. ,  is  a  useful 


5.  An  aerosol  bomb  may  be  used  to  kill  mosquitoes 

in  the   before  the  person  retires,  or 

they  can  be  '  


6.  Aerosol  inseaicides  are  not  hazardous  to  

if  used  according  to  

7.  Fogging  and  misting  operations  are  conducted 
during  the  


or  tn  the. 


when  the  air  is 


8.  Under  normal  conditions  the  space-spraying 


10. 


II. 
12. 

14 


machines  travel  at  a  n  average  speed  of  

miles  per  hour. 

Some  of  the  larger  thermal  fog  generators  have  a 

rated  maximum  output  of  about   

gallons  per  hour* 

TeSts  in  Florida  and  Georgia  have  shown  

difference  in  the  biological  efficacy  of  thermalaod 
 fogs. 

Mists  settle  much  more  than  fogs. 

Control  of  adult  mosquitoes  by  spate  spraying 

effects  only  \  control. 

Dust  cbntrol  has  given  good  results  because  of  the 
immediate  and  short  _ , 


Residual  spraying  leaves  a . 

effective  for   

afterward. 


.which  is 


or 


7\X 


Op  . 
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CHAPTER  2 


FLIES  ARE  PESTtf  both  indoors  and  our  More 
Important,  many  flies  breed  in  excrement  and  filth 
from  which  they  carry  disease-causing  organisms  to 
food,  drinking  water,  or  directly  to  the  human  body. 
Throughout  the  world,  flies  serve  as  mechanical  and 
biological  carriers  of  organisms  that  cause  some  of  the 
most  common  and  important  diseases*  such  as 
typhoid  fever,  diarrhea,  dysentery,  cholera,  trachoma, 
African  sleeping  sickness*  and  onchocerciasis.  Larvae 
of  some  species  of  Hies  infest  man  or  animals  and 
cause  serious  sickness  or  even  death,  while  other 
species  attack  and  destroy  crops.  Today  It  is  recog- 
nized that  the  abatement  of  fly  population  is  essential 
to  human  well-being  and  the  control  of  many  serious 
and  widespread  diseases. 

You  can  control  flies  most  effectively  if  you  can 
identify  species,  know  the  life  cycle  and  habits  of 
problem  species,  and  understand  the  dynamics  of 
fl>  populations,  Present,  methods  of  fly  control  are 
only  partially  effective;  ready  answers  cannot  be 
given  to  every  fly  problem.  However,  recognized 
techniques  judiciously  employed,  can  often  reduce 
the  number*  of  tlies  and  decrease  the  transmission- 
ot  flyborne  diseases,  lm proxed  environmental  sanita- 
tion, the  primary  control  measure,  reduces  the  pre- 
valence of^many  tly  species  and  furnishes  dividends 
in  belter  living' conditions  for  people. 


2-1,  Way,i  in  Which  Flies  Become  Important 
hi  Humans 

Hies,  [ire  important  to  humans  because  of  their 
annoying  habits  and  ability  to  spread  diseases  and 
destroy  agricultural  products. 

61-1.  List  the  wajs  in  which  flies  are  important  to 
humans  and  name  the  diseases  thai  certain  flies  carry 
iit  create, 

Annoy.  Dnmcsnc  Ibcs  can  ;ilteci  uidividujl  cMi- 
cicnc>  and  productivity  because  tit  ^hc  amount  ot  lime 
that  in  e:\pcndcd  swatting  and  driving  tlies  J  way. 
Domestic  Hies  can  atlccl  morale  ol  individuals  be- 
cjLtNt*  ot  disruptions  to  picnics  and  other  outdoor 
recreational  uclmiiev 


Bite.  Not  ail  flies  bite,  but  those  that  do  may  cause 
serious  trouble.  Biting  flies  do  not  have  venom  in  the 
usual  sense.  Instead  the  effects  of  their  bites  result 
from  the  human  reaction  to  saliva  poured  into  the  bite 
wound  to  prevent  clotting  of  the  blood  during  the 
feeding  process  Frequently,  biting  flies,  such  as 
blackflies.  punkies.  horseflies,  and  deerflies,  seriously 
interfere  with'  such  activities  as  farming,  hiking, 
camping,  and  outdoor  sports,  particularly  in  coastal 
areas  or  in  the  northern  part  of  the  United  States. 
In  susceptible  individuals,  the  biles  of  these  insects 
may  produce  severe  lesions,  hard  knots  beneath  the 
*kin,  secondary  infections*  high,  jgyer,  and  general 
disability.  The  stable  fly.  ts  common  around  human 
habitations  and  its-bile  can  be  quite  severe.  B  Jack  flies 
bite  viciously,  sometimes  attacking  in  such  numbers 
that  they  kill  the  victim.  In  the  Balkans  in  1923,  over 
16,000  domestic  animals  were  killed  by  blacktly 
attack.  Eye  gnats  do  not  bite,  but  their  rasping  mouth- 
parts  damage  the  delicate  membranes  of  the  eye. 

Transmit  Des eases.  Flies  transmit  disease  both 
mechanically  and  biologically.  Many  flies,  particularly 
the  housetly  and  other  domestic  flies,  have  filthy 
habits  that  make  them  efficient  vectors  of  disease. 
Flies  spread  pathogens  (desease-causing  organisms) 
in  fivf  ways:  (1)  on  their  mouthparts,  (2)  through  their 
vomit  us,  (3}  on  their  body  hairs,  (4)  on  the  sticky  pads* 
of  their  feet,  and  45)  through  the  intestinal  tract  by 
means  of  fly  feces,  The  housefly  is  considered  by 
many  authorities  to  be  the  most  widely  distributed  as 
well  as  the  most  dangerous  insect  closely  associated 
with  humans. 

MvchanivaL  Under  optimum  conditions.  Hies  can  ■ 
he  as  effective  in  spreading  enteric  infections  as  are 
fingers,  dirty  eating  utensils,  and  contaminated  food. 
As  a  typical  example,  a  housefly  feeds/on  human 
feces  in  a  privy  used  by  a  person  suffering  from  diar- 
rhea and  later  alights  On  fcod  being  prepared  in  a 
kitchen.  The  fly  inoculates  the  food  with  pathogenic 
bacteria,  such  as  the  diarrhea  bacteria  4 Shigella)  or 
the  typhoid  bacillus  {Salmonella  typhi),  which  multi- 
ply rapidly  in  the  food.  When,  hours  later,  the  food  is 
eaten,  the  people  become  infected  and  develop 
diarrhea. 

Domestic  ilies  I  particularly  the  housetly)  mechan- 
ically transmit  organisms  causing  bacillary  dysentery, 
infantile  diarrhea,  typhoid  fever,  paratyphoid  fever,- 
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cholera*  amoebic  dysentery,  giardiasis*  and  pinworm* 
roundworm,  and  tapeworm  infections. 

Flies  with  rasping  mouthparts.  such  as  eye  gnats, 
□re  reported  to  carry  the  organisms  that  cause  tra- 
choma, epidemic  pinkeye  or  conjunctivitis,  and  yaws. 
There  is  also  evidence  that  the  organisms  that  cause 
tularemia  and  anthrax  are xtrans milted  mechanically 
on  the  mouthparts  of  decrflies  and  horseflies  from 
an  infected  animal  to  a  healthy\one. 

BilvgUat.  Many  species  of  bloodsucking  flies  serve 
both  as  vectors  and  as  intermediate  hosts  ol  patho- 
gens, particularly  of  protozoa  and  helminths  causing 
human  diseases.  This  phenomenon  is  known  as  the 
biological  transmission  nf  disease-causing  organisms. 
Examples  include  the  uetse  flies  ol \Africa  which 
transmit  the  trypanosomes  causing  African  sleeping 
sickness  of  humans  and  nagana  of  animals,  the  hlack- 
tlicM  which  transmit  the  worms  causing  onchocerciasis 
(blinding  lilariasis)  in  Africa  and  Latin  America,  and 
the  sandflies  which  transmit  protozoa  causinkmany 
lurm.s  *if  Leishmaniases  in  Europe.  Asia,  Africa\and 
Central  and  South  America.  Other  diseases  having 
this  type  ol  epidemtolngy  include  loa^is  (African  eyex 
worm  disease).  bartonelloSis  (oroya  fever)  of  South 
America,  and  sandfly  fever  of  the  Mediterranean 
region. 

Producers  of  Myiasis.  Many  species  of  Hie*  lay 
their  eggs  or  larvae  on  the  flesh  of  mammals,  includ- 
ing man.  The  lanue  then  invade  the  flesh  of  the  host 
animal,  prndueing  a  condition  known  a*  myiasis. 
Cattle  and  aheep  are  commonly  afflicied.  as  are  many 
wild  animals,  such  a*  rabbits  and  deer.  Typical  ex- 
amples ol  thi*  type  of  myiasis  are  the  screwworm 
maggots  in  cuttle  and  the  botfly  larvae  in  horse*.  In 
addition,  people  may  cat  food  infested  vuth  fly  larvae. 
II  the  larvae  Mirvne  the  gastric  juices  and  lhc  in  the 
alimentary  canal.  UueMtHal  myiuMs  manilcsted  by 
queaMinesM  and  diarrhea  frequently  re.vults.  Typical 
e:\ampkh  ol  intestinal  myiasis  are  caused  hy  eating 
such  food*  as  lish.  meat,  or  ehees^e  inlested  with  flesh 
fly  larvae  or  cheese  skippers,  or  by  drinking  water 
containing  rat-tailed  maggots.  , 

Destroy  Agricultural  Products.  Many  species  of 
Hies,  such  as  the  Hessian  fly.  cabbage  maggot,  onion 
maggot,  apple  maggot,  clover  seed  midge,  and  seed 
corn  maggot,  attack  and  damage  plants  directly.  Some 
Hies  transmit  organisms  causing  plant  disease,  such 
■i*  bacterial  suit  rot  ol  vegetable'*:  lire  blight  ot  appJe. 
pear,  and  quince:  ergot  ot  rye  and  viheat:  olive  knot' 
and  bacterial  roi  ot  apple.  In  addition,  ftit^suek  blood 
and  annoy  cattle  to  such  an  extent  as  to  decrease  milk 
and  meat  production,  cause  myiasis  in  many  domestic 
ammuh.  and  transmit  diMcascs  *uch  a*  anthrax. 


Kx  erases  (614):  ^ 

I .  I, ist  live  major  wavs  in  v\  hieh  tlie^  .illccl  human*. 


2.  In  what  five  ways  do  flies  spread  pathogens'? 


3.  List  six  diseases  that  domestic  Hies  can  transmit 


mechanically. 


4.  What  disease  can  occur  if  people  eat  food  infested 
with  fly  larvae  and  the  larvae  survive  the  gastric 
juices"? 


2-2.  General  Characteristics  of  Flies.| 

There  are  certain  anatomical  and  Life  cycle  eharac 
teristics  common  to  most  flies.  Flies  are  insects  be< 
longing  to  the  order  Diptera. 


615*  Indicate  whether  given  statements  pertaining  to 
the  general  characteristics  of  flies  are  true  or  false 
and  correct  the  false  ones. 


\  Anatomy.  Adult  Diptera  are  distinguished  from  all 
other  insects  by  the  following  two  characters:  (1)  two 
wings  (the  scientific  name  is  derived  from  Di  =  two  + 
pteror*  =  wing),  whereas  most  other  adult  insects  have 
four  wings:  and  (2)  two  halteres.  the  tmy  knoblike 
structures  Located  behind  the  wings  that  represent  the 
rudimentary  second  pair  of  wings  The  relatively 
few  wingless  adult  flies  always  hive  halteres. 

Adult  flies  have  three  distinct  body  regions:  head, 
thorax,  and  abdomen,  The  head  bears  a  pair  of  very 
large  compound  eyes  which  often  comprise  most  of 
the  head,  one  pair  of  antennae  or  "feelers."  and  the 
mouthparts.  which  are  adapted  for  piercing  and  suck- 
ing, rasping,  or  sponging,  depending  on  the  species. 
The  thorax  consists  of  three  segments  called  the 
prothorax.  meiothorax,  and  metathorax.  each  of 

'  which  bears  a  pair  of  legs.  Each  leg  is  composed  ol  a 
basal,  cosa,  short  trochanter^  relatively  strout  femur, 
slender  tibia,  and  a  five-segmented  tarsus.  The  single 
pair  of  wings  is  fastened  to  the  mesothorax  and  the 
hafteres  to  the  meta  thorax.  The  long  veins  which 
reach  the  wing  margin  in  domestic  flies  are  termed 
Se  I  tear  subco^ta).  then  I.  2.  3.  4.  5.  6.  The  shape  of 
the  vein  4  (straight,  curved,  or  angled)  is  used  in 
identification  {see  Appendix  B),  The  abdomen  is 
composed  of  from  lour  10  nine  .segments  and  the 
genital  organsV 

Life  Cjcle.  Flies  have  lour  Mages  in  their  life  cycle: 
egg.  Larva,  pupa.  tHid  adult.  They  develop  by  a  pro- 
cess known  as  complete  metamorphosis  (fig.  2-LS.  A 
few  spccie.v.  Nueh  a*  some  flexh  ±1  tes  and  tsetse  Hies, 
retain  the  eggs  within  the  hndv  of  the  female  until 
h  itching  and  give  birth  to  larvae.  In  general,  ihe 
l.ir\:ie  teed  dillerently  and  neeup\  a  dilterent  habitat 
trom  that  ol  the  adult,  Lar\ae  ol  most  flics  are  com- 
monly termed  "maggots,"  The  pupae  of  many  Hies 
iire  enclosed  in  a  tough  skin  known  as  a  p'upuriumund 


Figur*  2-1.  Life  cyck  of  housefly. 


do  not  move  very  much.  The  time  required  for  devel- 
opment from  egg  to  ihe  adult  varies  greatly,  from  a 
tew  days  to  more  than  n  year,  depending  on  the 
species  of  fly,  and  ihe  environmental  conditions 
particularly  the  temperature  and  humidity. 

Exercises  (615); 

Label  ihe  Fallowing  statements  with  a  C  ur  an  I  10 
indicate  correct  or  incorrect;  supply  information  10 
correct  the  incorrect  statements. 

  I.  Flies  belong  10  the  order  Diptera  and  have 

two  wings. 


2.  All  tlies  ha\e  mouthparts  thai  are  adapted 
[or  piercing  and  sucking,  rasping,  and 
^ponging. 


.V  hjch  tectum  ol  the  thorax  has  a  pair  ol  legs 


  4.*  I  lie  abdomen  is  tistrd  h>r  identification. 


5,  Mies  have  live  stages  in  their  life  cycle:  egy, 
larva*  pupa,  maggot,  Jnd  jduli. 


fi.  Sumt  tcmale  Hies  gi\e  birth  to  larvae. 


Ihe  larvae  ol  most  tlies  are  commonK  called 
maggots 


2-3,  Fly  Species 

Some  of  the  fly  specjes  with  which  you  should  be 
familiar  are  houseflies,  other  domestic  flies,  flesh 
flies,  bottle  flics,  blowflies,  and  botflies.  There  are 
also  some  of  Lesser  importance  tor  you  to  study  in 
this  section.  First,  you.will  read  about  the  housefly, 1 
one  of  the  most  common  around  humans, 

r 

/ 
/ 

616.  Complete  given  statements  concerning  the  iden- 
tification and  biology,  of  houseflies* 

Identification  and  biology  of  the  Housefly  (Musca 
domesiica).  The  housefly  (fig,  2-2)  is  a  small  species, 
6  to  9  millimeters  Imm)  long  with  a  dull  thorax  and 
abdomen,  the  thorax  with  four  Longitudinal  dark 
stripes,  the  sides  of  the  abdomen  usually  pale  basalJy, 
and  the  fourth  winjj  vein  sharply  angled,  ending  be- 
fore the  wing  tip.  T? he  arista  of  the  antenna  has  many 
fine  hairs  like  a  feather. 

The  housefly  and  its  relatives  are  often  termed 
"domestic"  species  because  of  their  close  association 
with  man.  The  adults  feed  on  human  foods,  and  the 
larvae  are  often  most  abundant  in  human  wastes  such 
as  excrement,  garbage*  and  open  dumps. 

The  housefly  occurs,  throughput  the  United  States 
and  is  usually  the  most  abundant  species  found  in 
homes  and  restaurants. 

Because  of  t^ie  housefly's  close  association  with; 
people  and  their  foud.  its  habit  of  breeding  in  human/ 
excrement  andj  other  filth,  its  abundance,  and  it^ 
ability  to  transmit  germs,  it  is  considered  to  be  £ 
greater  threat  to  human  welfare  than  any  of  the  other 
species.  ,  / 

Life  Cycle.  ^The  development  stages  of  ihe  housetly 
require  H  to  20  days*  under  average  summer  conditions 
(fig.  2-1  h  The  female  begins  egg  laying  within  4  to  20 
days  after  she  emerges  as  an  adult.  The  small,  white, 
oval  eggs  about  I  millimeter  long  are  deposited  in 
batches  of  16  to  150.  Five  or  six  batches  are  laid 
during  the  Lifetime  of  the  average  female,  fur  a  total 
of  about  500  eggs  per  female.  Eggs  are  usually  placed 
in  cracks  and  crevices  in  the  breeding  material  away 
from  direct  light.  Hatching  occurs  in  12  to  24  hours 
during  the  summer  months.  The  active  young  larva 
burrows  at  once  into  the  breeding  media  using  its 
t\vii  mouth  hooks  lor  learingand  loosening  food,  pa  ni- 
cies' and  tor  working  iu  way  along.  The  three  larval 
stages  last  from  3  to  24  or  more  days.  The  usual  lime 
during  warm  weaiher  is  4  to  7  days.  Larvae  regulate 
their  temperature  by  moving  to  various  levels  in  the 
breeding  material  Studies  indicate  that  feeding  larvae 
choose  temperatures  from  86°  to  953  F.  (30.24  to 
35.2*4°  C.)  those  ready  to  pupate  prefer  lower  temper- 
atures. The  distribution  uf  Larvae  in  the  breeding 
media  under  natural  conditions  is  believed  to  depend 
chiefly  on  temperature  and  moisture  and,  to  a  lesser 
extent,  upon  odors.  When  growth  is  completed, 
larvae  migrate  lo  drier  portions  of  ihe  media  or  leave 
ii  entirely  [o  burrow  into  soil  or  under  debris  to  pupate. 


Figure  2-2  Housefly  l.Muxca  ^!omxiua\. 


I'he  mature  larva  is  about  12  mm  long  and  creamy 
while  in  color.  It  is  conical  and  has  two  dark  mouth 
hoota  at  the  anterior  end  and  two  oval  spiracular 
plates  at  the  broad  posterior  end.  It  is  easily  distin- 
guished from  other  fly  larvae  by  the  three  sinuous 
slits  in  each  spiracuJar  plate. 

When  ready  to  pupate,  the  larva  contracts  until  the 
skin  forms  a  capsulelike  case  aboul  6  mm  in  length. 
This  case  (the  pUpanum)  encloses  the  true  pupa  which 
Is  immobile  and  takes  no  food.  The  pupal  stage  ordi- 
narily lasts  4  to  5  days,  but  may  be  as  short  as  3  days 
at  temperatures  around  95°  F,  (35. 28°  C.)  or  as  long 
as  several  weeks  at  Low  temperatures.  Vhen  the  pupal 
period  is  complete,  the  fly  breaks  open  the  end  of  the 
puparium  by  the  expansion  of  a  bladderlike  organ,  the 
ptilinum.  located  on  the  front  of  the  head.  The  fly 
then  works  it*  way  out  of  the  puparium  and  up  to  the 
surface  of  the  soil.  Here  the  wings  unfold  and  the 
body  expands,  dries,  and  hardens.  This  change  re- 
quires about  1  hour  under  summer  conditions.  Adult- 
hood is  reached  in  about  15  hours.  Mating  may  then 
take  place. 

Breeding  Media,  Almost  any' type  of  warm  moist 
organic  material  may  furnish  suitable  nourishment 
lor  housefly  larvae.  Animal  manure  is  an  excellent 
breeding  medium,  accounting  for  as  many  as  95  per* 
cent  of  the  houseflies  in  some  rural  areas.  Fresh  horse 
manure  may  produce  as  many  as  1200  larvae  per 
pound.  Manure  of  other  animals  (cows,  pigs,  rabbits, 
fowl,  etcj  is  also  very  suitable.  Accumulations  of 
fowl  excrement  are  commonly  infested  with  larvae, 
but  scatter  droppings  in  dry  pens  are  seldom  infested. 
Human  excrement,  often  loaded  with  organisms 
pathogenic  to  humans,  is  a  dangerous  source  of  Hy 
breeding.  Breeding  occurs  in  privies,  in  exposed  feces, 
and  in  incompletely  digested'  sludge  from  sewage 
ircalmenl  plants,  Garbage  and  pet  manure  are  almost 
always  Ihe  important  source  of  housellies  in  urban 
communities.  Fly  breeding  may  be  a  problem  it' gar- 
bage is  dumped  indiscriminately  un  the  premise  or 
it  it  is  stored  in  inadequate  containers.  Open  garbage 
dumps,  commonly  present  in  and  around  cities*  pro- 
duce large  numbers  of  tlies. 


Adult  Food.  The  adult  housefly  i$  very  active, 
moving  about  busily  from  one  attractani  to  another 
throughout  most  of  the  daylight  hours.  It  is  strongly 
attracted  to  feces  and  other  types  of  decaying  organic  „ 
material,  as  well  as  to  milk  and  foods  intended  lor  ^ 
human  consumption.  Under  natural  conditions,  housed 
flies  seek  a  wide  variety  of  food  substances  and  there- 
by obtain  a  balanced  diet.  Because  of  the  nature  of 
the  houseflies'  mouth  parts,  their  food  must  be  in  the 
liquid  state  or  must  be  readily  soluble  in  their  salivary, 
and  crop  secretions*  The  liquid  food  is  sucked  up 
through  the  spongy  iabellum  at  the  tip  of  the. 
proboscis.  Water  is  essential,  and  houseflies  will  not 
ordinarily  Live  more  than  48  hours  without  it.  Sugar 
or  starch  is  necessary  for  long  Life,  and  protein  is  re- 
quired for  production  of  eggs.  Common  sources  of 
food  are  milk,  sugar,  bloods  meat  broth,  and  many 
oiher  foods  found  commonly  in  and  around  human 
habitations.  Two  or  three  feedings  a  day  are  neces- 
sary. As  the  housefly  moves  about  over  various  items, 
it  periodically  regurgitates  liquid  from  the  crop  and 
lests  the  surface  with  its  proboscis,  producing  light, 
strawcolored  spots  known  as  vomit  spots.  Darker 
spots  which  may  be  observed  are  fecal  spots,  com- 
monly found  on  glass,  walls,  ceilings.  Light  strings* 
electric  wires,  and  on  other  surfaces  upon  which  flics 
rest,  Accumulations  of  fly  specks  are  good  indicators 
of  habitual  resting  places  of  flies. 

Resting  Places.  Flies  rest  much  of  the  time  and 
show  a  strong  preference  for  edges.  They  rest  indoors 
on  Light  strings  and  electric  wires,  walls,  ceilings, 
and  other  places.  Theyrcsl  outdoors  chiefly  on  fences, 
electric  wires,  edges  of  buildings,  weeds  and  vegeta- 
tion, particuarJy  branches.  Flies  are  essentially  in- 
active at  night.  Their  nighttime  resting  places  are 
usually  protected  from  the  wind. 

Flight.  Housefly  populations- can  disperse  rapidly 
into  new  areas  by  flight.  Although  houseflies  cruise 
at  Only  about 4  miles  per  hour  and  wander  somewhat 
aimlessly,  they  travel  as  far  as  6  miles  (as  the  crow 
flies)  within  24  hours,  and  as  far  as  20  miles,  eventu- 
ally. Flight  range  tests  using  flies  tagged  with  radio* 
active  materials  have  been  performed  in  a  number  of 
different  parts  of  ihe  United  States.  After  releasing 
the  radioactive  flies,  the  scientists  set  out  baited  traps 
in  concentric  circles  around  the  release  point.  Most 
of  these  tagged  flies  recovered  were  trapped  within 
1  mile,  but  a  few  were  taken  as  far  as  20  mile*  from 
the  point  of  release. 

Longevity*  Lifespan  of  the  adult  depends  chiefly 
upon  the  availability  of  food  and  water,  and  upon 
temperature.  Observations  during  midsummer  in 
Texas  indicate  that  when  well  fed.  Hies  Live  2  to  4 
weeks.  At  Ithaca.  New  York*  adult  flies  survived  70 
days  under  experimental  conditions.  In  hibernation, 
Hies  may  live  o\er  winter,  often  from  October  to 
April. 

Temperature.  Flies  arc  inactive  at  temperatures 
helow  45°  F.  (7.28°  C.J  and  are  killed  by  temperatures 
slightly  below  32°  F.  (0°  C),  Flight  begins  when  ait 
temperature  is  about  53*  F.  (1 1.76°  C.)  and  complete 
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activity  occurs  when  it  reaches  about  70°  F. 
121.28°  C).  Maximum  activity  is  reached  at  90°  F, 
02.48°  C.)  with  a  rapid  decline  at  higher  tempera- 
tures unti(  1 12°  F.  (44.80°  C.)  which  produces  paraly- 
>i&  and  death. 

Humidity.  The  effecis  of  humidity  are  closely  re- 
lated to  those  of  temperature,  and  it  is  difficult  to 
assess  one  without  considering  the  other.  Lethal  ef- 
fects of  both  high  and  low  temperatures  are  more 
marked  when  humidity  is  high.  Above  60°  F. 
i  15,68°  C),  Hies  live  longest  at  a  relative  humidity  of 
42  to  55  percent.  Below  68*  F  (20,16°  C),  they  are 
active  and  long  lived.  Flies  reach  a  physiological  opti- 
mum at  high  temperature*  and  low  humidities.  This 
characteristic  correlates  with  their  great  abundance 
in  desert  areas. 

Light.  Flies  are  phototroptc;  that  is*  they  generally 
muve  toward  light.  The  success  of  the  ordinary  ily 
imp  depends  upon,  this  trait.  The  bait  attracts  flies 
to  the  iower  part  of  the  trap*  and  they  are  captured 
when  they  leave  the  bait  and  move  around  toward  the 
light.  Flies  are  inactive  at  night,  but  they  will  resume 
activity  under  artificial  illumination.  The  effects  of 
light  un  fly  activity  are  closely  correlated  with  those 
ot  temperature  and  humidity. 

Wind,  Flies  are  sensitive  to  strong  air  currents  and 
arc  not  likely  to  venture  out  on  extremely  windy  days. 
However,  some  are  caught  and  carried  great  distances 
by  high  winds  Isuch  us  hurricanes).  Houseflies*  prob- 
ably windborne,  have  been  collected  over  the  ocean 
more  than  100  miles  from  shore.  At  lower  velocities, 
Hies  may  travel  with  the  wind  or  against  it.  They  move 
upwind  tuuard  an  attractive  odor,  against  moderately 
Ntrong  winds,  but  move  downwind  on  light  breezes 
not  hearing  attractive  odors. 

Natural  Enemies,  Organisms  m  its  environment  arc 
ol  jircat  importance  to  the  housefly:  Most  ol  these 
organisms  do  no  harm,  but  some  act  as  parasites  or 
predators.  Natural  enemies  of  flies  include  fungi, 
hmetend.  proto/oa.  roundworms,  other  arthropods, 
iimphibians,  reptiles,  hirds.  and  certain  mammals. 
puMicularly  humans, 
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617.  Mutch  each  item  in  a  list  of  domestic  files  with 
state m en rs  pertaining  to  their  Importance  and  bio- 
logical factors, 

Little  Houseflies  (Fannia  spp).  Little  houseflies 
are  small  flies' seldom  more  than  7  mm  Jong.  They 
resemble  houseflies  in  having  a  full  thorax  and  abdo- 
men, hut  differ  in  having  only  three  relatively  incon- 
spicuous dark  longitudinal  stripes  cn  the  thorax  and 
the  tourth  wing  vein  is  straight  ^Appendix  B),  The 
adults  are  frequently  seen  hovering  in  midair  out- 
doors or  less  commonly  in  the  middle  of  a  room,  a 
ehicken  house,  or  a  barn.  Little  houseflies  lay  their 
eggs  particularly  in  the  excrement  of  humans,  horses, 
cows,  and  poultry,  or  sometimes  in  piles  of  decaying 
grasses  piled  up  on  lawns.  The  eggs  hatch  in  about  a 
day  and  the  flattened,  spinv  larvae  complete  their 
development  in  a  week  or  two  depending  on  tempera- 
ture. Fannia  are  of  less  importance  as  household  pests 
ii r  disease  vectors  than  the  housefly.  Howc\er.  there 
die  numerous  records  ot  larvae  of  this  genus  causing 
m\  lasts  in  man. 

Stable  F\y  fStomoxys  ctricitransj.  The  stable  fly 
is  distinguished  from  all  other  Common  domestic  flies 


by  its  piercing  proboscis  which  protrudes  bayonetlike 
in  front  of  the  head  (fig;  2-3).  This  species  is  5  to  7  mm 
lung,  has  a  dull  thorax  with  four  dark  longitudinal 
stripes,  a  pale  spot  behind  the  head,  and  a  dull  colored 
abdomen  With  darlc  spots.  The  fourth  wing  vein  is 
gently  curved  and  ends  near  the  wing  tip.  The  arista 
of  the  antenna  has  fine  hairs  oniy  on  the  upper  side. 
Both  male  and  female  are  vicious  biters  and  attack 
man  and  a  great  variety  of  animals.  The  female  lays 
her  eggs  in  pfant  waste  more  often  than  in  manure. 
She  may  lay  eggs  in  old  strawstacks,  piles  of  ferment- 
ing weeds,  grass,  peanut  hay.  or  stable  manure  well 
mixed  with  straw  or  hayr  The  stable  fly  is  a  major  pest 
along  the  seashore,  particularly  on  the  gulf  coast, 
where  it  is  known  as  the  dog  fly.  It  lays  its  eggs  in 
piles  of  marine  weeds  on  the  beaches  and  is  a  serious 
pest  in  late  summer  and  early  fall  Larval  development 
takes  K  to  30  days  or  more,  depending  on  temperature. 
The  stable  fly  is  not  considered  an  important  agent  in 
mechanical  transmission  of  organisms  causing  in- 
testinal diseases.  It  docs  not  breed  in  human  excre- 
ment and  is  not  commonly  attracted  to  feces  or  gar- 
bage, It  is  therefore,  less  likely  to  pick  up  germs  of 
diarrhea  find  other  intestinal  diseases. 

Because  of  its  bloodsucking  habits,  the  stable  lly 
has  been  suspected  of  transmitting  a  number  of  dis- 
eases but  there  is  no  proof  that  it  is  a  biological 
\cctor  of  surra  £a  trypansonal  disease  of  horses  and 
mules)  find  infectious  anemia  fa  virus  disease  of 
horses).  Stable  fly  larvae  have  been  reported  as  caus- 
ing myiasis  or  humans  and  of  domestic  animals. 

False  Stable  Flics  fiWuseina  spp).  False  stable  flies 
are  slightly  larger  and  have  heavier  bodies  then  house 
flies,  averaging  about  £  mm  long.  These  insects  have 
a  dull  thorax  and  abdomen,  with  blackish  markings, 
like  the  housefly,  but  differ  in  having  u  pule  tip  to 
tht:  scuitcllum  and  the  fourth  wing  vein  gently  curved 
and  ending  about  at  the  wing  tip  (Appendix  B). 

False  stable  flics  breed  in  decaying  animal  and 
%t'£etablt'  matter  and  are  commonly  found  in  scattered 
garbage.  Tht-  larvae  became  carnivorous  :ts  they  near 
maturity  and  destroy  other  fly  larvai*  that  they  en- 
counter. Lar\uJ  development  averages  1 5  to  25  da>^. 


The  aduJt  fly  enters  houses  frequently  and  is  attracted 
to  human  foods,  including  meat,  fruit,  and  vegetables. 
It  is  a  vector  of  disease  organisms,  and  there  are  re- 
pom  of  cases  of  human  intestinal  myiasis  that 
probably  resulted  from  ingesting  foods  containing 
eggs  of  Muscina. 

Tsetse  Files  (GUmhm  $pp}*  Tsetse  Hies  are  found 
in  tropical  and  subtropical  Africa.  They  vary  in  size 
from  that  of  a  housefly  to  that  of  a  flesh  flyt  are 
usually  brownish  in  color,  and  have  a  bloodsucking 
type  of  proboscis  similar  to  that  of  (he  stable  fly. 
The  arista  of  the  antenna  has  branched  hairs  on  the 
upper  side.  The  wing  is  remarkable  in  having  the 
discal  cell  shaped  like  a  meat  cleaver,  and  is  often 
called  the  "cleaver  cell."  Tsetse  flies  are  biological 
carriers  of  the  trypanosomes  that  cause  two  forms  of 
African  sleeping  sickness  (Gambian  in  West  Africa, 
and  Rhodesian  in  East  Africa)  in  humans  and  rtagana 
in  cattle  and  in  many,  types  of  hoofed  animals,  These 
insects  are.  therefore,  of  greatest  public  health  im- 
portance in  causing  sickness  and  death  in  humans 
and  animals t  and  irt  depriving  man  of  a  source  of  meat 
and  milk  and  animals  for  agriculture. 

Dump  Flies  (Ophyra  spp).  Dump  flies  are  shiny 
black  flies,  smaller  than  the  housefly,  with  the  fourth 
wing  vein  straight  (Appendix  B),  Dump  flies  are 
widely  distributed  throughout  the  United  States  and 
are  frequently  abundant  in  cities.  They  are  often 
found  in  fly  trap  collections,  particularly  those  set 
near  garbage  disposal  sites,  hence  their  common 
name.  Some  researchers  report  that  the  larvae  develop 
in  human  and  animal  excrement,  kitch.cn  wastes,  and 
animal  carcasses.  Second  and  third  stage  larvae  are 
predaceous  on  other  fly  Larvae  and  may  help  reduce 
populations  ol  housefly  Larvae* 
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Identification  and  Biology  of  Flesh  Files  (Family 
Sarcophagidae).  Flesh  flies  resemble  the  housefly  in 
general  appearance,  but  usually  are  larger  and  differ 
in  having  three  dark  longitudinal  stripes  on  the  thorax, 
a  checkerboard  pattern  of  grayish  and  dark  spots  on 
the  abdomen,  and  the  lip  of  the  abdomen  is  usually 
reddish  brown.  The  fourth  wing  vein  is  sharply  angled 
and  ends  before  the  wing  tip  (Appendix  B),  There 
are  hundreds  of  species  of  flesh  flies  in  the  family 
Sarcophagidae.  They  are  common  called  flesh  flies 
because  the  larvae  of  most  species  breed  in  meat, 
cheese,  fish,  and  other  foods  Left  exposed  on  which 
flesh  fly  larvae  w^re  developing.  Flesh  flies  are  un- 
usual in  that  the  females  deposit  living  larvae  rather 
than  eggs.  Some  species  breed  prolificacy  in  animal 
excreta,  especially  in  dog  stools,  and  may  be  very 
abundant  in  urban  communities.  They  do  not  enter 
homes  nearly  as  often  as  houseflies.  When  they  do. 
thej  are  often  found  in  kitchens  and  bathrooms.  The 
temafes  are  strongly  "attracted  by  the  scent  of  food, 
such  a*,  hsh  and  meat,  and  to  the  odor  of  human  excre- 
ment. They  haAt:  been  observed  depositing  larvae  in 
containers  vwth  leeal  samples  in  some  laboratories, 
which  has  led  to  faKe  reports  of  human  intestinal 
mMUsis.  Some  species  of  He^h  flies  in  the  genus 
Wohlfahruu  3caL]*e  cutaneous  myiasis  m  humans  and 
are  major  pests  at  mink  and  fox  farms,  killing  newborn 
or  v>mng  antmals.  ? 
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ranges  and  a  keen  sense  of  smell  that  guides  them* 
to  dead  animals  and  other  attractams.  even  whenJ^" 
located  in  remote  areas.  They  enter  houses  mucfiV£ 
less  frequently  than  houseflies.  The  development  V 
stages  are  the  same  as  for  the  housefly.  Although 
they  usually  deposit  their  eggs  upon  meat,  they  will 
oviposit  upon  a  wide  range  of  fresh  and  decaying 
plant  refuse  if  meat  is  not  present/  Eggs  may  be 
deposited    on    living    animals,    although  clean, 
healthy  animal*  are  rarely  attacked..  Upon  emerg- 
ing from  the  egg,  the  larvae  feed  for'  «  -short  time 
upon  the  -surface  of  the  food  near  the  egg  mass/ 
then  bone  into  the  less  putrid   material  within. 
When   fully  developed,   they  leave   the  breeding 
material  and  burrow  into  the  ground.  The  pup- 
arium  is  formed  within  a  few  days  and  emergence 
occurs  from  3  to  20  days  after  pupation.  CaNipho- 
ridae    serve    as    mechanical    vectors    of  disease 
organisms  inTthc  same  way  as  do  houseflies.  They 
have  similar  no  n  piercing  mouth  part*  and  feed  in. 
much  the  same  way,  However,  since  they  enter 
homes  and  restaurants  less  frequently,  than  house- 
flies,  they  appear  to  have  lesf  opportunity  lor  dis- 
seminating disease  organisms  to  food/1  The  larvae 
of  many  species  cause  animal  and  human  myiasis. 

Bluebottle  Flies  fCynomyopsis  cadavema  and 
CaUtphetra}.  Bjueboltle  flies  are  medium  to  large 
species,  10  to  15  rnrn^  long  or  more,  with  a  dull 
thorax  and  shiny  metallic  hluc.  green^or  purplish 
abdomen  (tig.  2-4).  They  frequently  enter  buildings 
to  hibernate  during  the_  winter  antl  emerge  when 
buildings  are  heated,  or  on  warm  -winter  days, 
causing  annoyance  as  they  fly  around  with  a  loud, 
buzzing  sound.  Bluebottle  tlies  require  15  to  20 
da>s  or  more  to  develop  from  egg  to  adult.  Tne 
ndu'l  lhes  are  attracted  to  fitters,  feees,  tvverripe 
traits*  and  other  decaying  \egetable  matter  us  weJI 
as  to  sores  ol  livmg  animals,  Bluebottle  fly  larAae 
may  cause  intestinal  myiasis. 

Greenbottle  Flies  and  Bronzebottle  Flies 
(Phoenicia  spp  and  others).  Greenboltle  and 
brunzebutt/e  Hies  include  man>  species  in  the 
genera  Pftaenicia.  Luk-iiia.  Burohwrlia  and  other 
less  eummon  genera.  These  insects  occur  from  the  ' 
-\t laaCic  u>  the  Pacific  and  throughout  the  world. 


ft  19-  Match  a  list  of  bottle  flies  and  blowflies  with 
the  appropriate  identifying  cb  a  raci  eristics,  and 
complete  given  statements  concerning  the  impor- 
tance and  biology  of  these  flies. 


l*j>nJe  flies  :ind  hlovtl'JiiS  Uamik  CaJhpBondea) 
l.i>  their  egjs  upon  animal  carcasses vajid  meat 
products,  causing  them  to  swell,  "bottle."  or 
-hluu"  vwtH  maegnts,  \lan>  ol  ihe  aJull  Hie*,  have 
the  shiny  color  of  blue  or  green  buttle*.*  They  are 
common  m  most  urbar^,  areas  and  are  ■  often 
abundant  ahout  earbage  dump*.,  abattoirs.  ,and 
maw    pri^L-ssinj;    plants.    1  hc\    ruue   lonu  [lijihi 


Ficurj  2-4.  Hlutfbmtlc  H\ 
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Two  of  the  species  most  commonly  associated  witty 
ma™  in  the  United  States  arc  the  green bottJe  tly 
(Phoenicia  sericta)  (fig.  2-5),  which  has  a  shiny 
greenish  th  orax  and  abdomen,  often  with  reddish 
or  coppery  reflections,  and  the  bronzeboitle  tly 
(Phoenicia  pallescens),  which  has  a  shiny  thorax 
and  abdomen  usually  with  coppery  or  bronzy  re- 
flections predominating  over  the  greenish  color 
(Appendix  B).  The  life  cycle  is  normally  completed 
in  9  to  21  days  with  four  Co  eight  generations  per 
year.  The  eggs  are  deposited  on  -  decomposing 
animal  jnatter  or  in  garbage  containing  mixtures 
of  animal  matter.  Females  are  strongly  attracted 
to  flesh  and  oviposit  ion  begins  with  a  few  hours 
after  the  death  of  an  animal.  Fresh  meat  is  often 
attacked  within  a  few  minutes  after  exposure. 
They  also  deposit  eggs  on  wounds  and  occasionally 
cause  intestinal  myiasis.  The  average  number  of 
eggs  produced  at  one  time  is  about  180,  although 
single  females  h  ave  been  reported  to  deposit  over 
2000.  The  optimum  temperature  for  development 
of  eggs  is  about  94°  F.  (34.72°  C)«  and  hatching 
occurs  m  about  H  hours  at  this  temperature. 

The  larvae  complete  their  development  in  2  to 
10  days1  und  then  move  away  from  the  breeding 
medium  and  burrow  in  the  soil.  The  larval  stage 
may  be  greatly  prolonged  if  temperatures  are  low. 
These  tlies  normally  overwinter  as  full  grown 
larvae  in  the  soiL  Pupation  occurs  within  3  days  if 
temperature*  are  favorable,  the  pupal  stage  lasting 
3  to  6  dlays  under  warm  conditions.  The  adults  may 
successfully  emerge  through  several  inches  of 
earth  (halt  of  the  flies  emerging  from  puparia 
buried  under  3  feet  ofJoose  soil  reached  the  sur- 
face in  experiments),  Adults  mate  and  deposit 
eggs  5  to  9  days  alter  emergence.  The  green  bottle 
Hies  are  mcKt  active  on  warm,  sunny  days.  They 
arc  attracted  to  garbage  {particularly  where  it 
contains  mixtures  of  meat  and  fruity  plant  juices, 
arid  nectar.  They  ire  often  seen  m  large  numbers 
i>n  shrubhery.  leaves  of  cucumbers  and  other 
melon*,  and  on  other  plants.  At  times,  particularly 
in  the  spring  and  fall,'  they  enter  houses  and 
resiaurants  where  Ihey  usually  attract  attention 
because  of  ihcir  buzzing  flight.  They  may  Pty  10 
miles  Irom  their  breeding  places  within  a  few  days. 
Favored,,  nighttime  renting  place*  include  trce^ 
.hushes,  and  sides  of  buildings. 

Black  Blowfly  (Phormia  regma),  The  black  blowfly 
has  a  shmy  black  thorax  and  abdomen  and  metallic 
blue-green  luster.  The  setae  on  the  top  of  the  thorax 
jre  noticcabty  shorter  than  m  other  calliphorid  tlies 
.ind  the  mcsothoracic  spiracle  (on  the  side  of  the 
mesothofax  behind  the  head)  is  brick  red  (fig.  2-6). 
I  tiis  \pcciev  occu  rs  throughout  the  United  States  and 
jj.  mo*t  abundant  in  the  early  spring.  In  the  southern 
pan  of  t^ic  United  States  it  may  be  uncommon  in 
summer,  but  i*  active  on  warm  days  throughout  the 
winter.  It  ls  a  mechanical  carrier  of  organisms  causing 
diarrhea  and  dysentery.  It  is  a  common  producer  of 
myia*is  in  Mheepand  cattle  \u  the  Jiuuth  western  United 


Stales,  where  it  is  found  in  wounds,  castration  inci- 
sions, and  dehorning  incisions.  The  life  cycle  requires 
10  to  25  days  or  more  and  is  generally  similar  to  that 
of  the  green  bottle  (lies.  The  eggs  are  laid  in  masses X 
in  animal  carcasses  or  in  the  edges  of  wounds  in  living 
animals.  Larvae  may  occur  in  great  numbers  in  animal  *J 
carcasses  or  in  paunch  contents  of  slaughtered  ani- 
mals. They  also  breed  abundantly  in  garbage.  The  - 
larval  stage  requires  4  to  15  days  and  the  pupal  stage 
3  to  13  days.  The  adults  can  deposit  eggs  7  to  17  days 
after  emergence.  The  adults  are  strong  fliers  and  have 
an  effective  flight  range  of  6  to  10  miles.  In  the  N  onh 
they  overwinter  as  full  grown  larvae,  but  in  the  South, 
as  adults. 

Cluster  Fly  (Poilcnia  rudis).  The  cluster  fly  is 
slightly  larger  than  the  housefly  and  the  abdomen 
often  has  a  slightly  metallic  reflection  beneath  a  pol- 
linose  checkerboard  pattern.  It  is  easily  recognized 
by  the  thick.  yeUowtstHo-brassy,  crinkled  hair  be* 
tween  the  black  setae  on  the  top  of  the  thorax  and  the 
tufts  of  yellowish  hairs  on  the  side  of  the  thorax.  The 
cluster  fly  is  distributed  throughout  the  Northern 
Hemisphere  and  is  very  common  in  the  northern 
United  States.  The  eggs  arc  deposited  in  the  soil  and 
hatch  in  about  3  days.  This  species  is  most  unusual 
in  that  the  larvae  are  parasites  of  earthworms,  within 
whicu  they  feed  and  grow  for  about  2  weeks.  They 
then  leave  the  earthworm  and  pupate  in  the  soil  for 
about  two  weeks.  Newly  emerged  adults  are;  often 
most  abundant  after  rainfall,  suggesting  that  the 
adults  can  burrow  from  their  puparia  to  the  surface 
easier  when  the  sol!  is  soft  and  moist.  There  are  prob- 
ably four  generations  or  more  a  year  in  the  United 
States. 

Cluster  flies  derive  their. names  from  the  fact  that 
the  adults  enter  buildings  in  the  fall  to  hibernate  and 
accumulate  in  clusters,  in  closets,  attics,  and  unused 
rooms.  They  may  be  concentrated  in  open  ceilings  or 
.walls,  or  may  crawl  behind  window  casings,  mold- 
ings, loose  wallpaper,  pictures,  or  furniture.  During 
mild  weather  in  the  winter  or  early  spring,  or  if  a  cold 
building,  such  as  a  church,  is  heated  occasionally,  t 
.  they  move  about  sluggishly,  often  with  a  loud  buzzing 
noise,  thus  attracting  attention  to  their  presence. 


Figure  2-5.  tirccnhtiiiJc  IK 
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Figure        Black.  bJnufly 


They  arc  not  ol  direct  public  health  importance,  but 
ihcy  may  be  a  nuisance  in  buildings  where  they 
hibernaie.  In  hospttals  in  the  northern  United  Slates, 
there  have  been  many  complaints*  for'exampfe*  of 
cluster  Hies  in  operating  rooms.  The  flics  apparently 
entered  ihese  rooms  through  Mnall  openings  around 
air  ducts  or  electric  fixtures  from  the  cold  attic  above,, 
Screw  worm  Flies  (Cochthmyia  *pp/' Screwworm 
Hies  are  slightly  larger  than  the  housefly  and  have  a 
bright  yellowish^ face  and  a  shiny,  blue-green  thorax 
and  abdomen.  The  thorax  has  three  dark  longitudinal 
stripes  and  the  mesothoracic  spiracle  is  white.  The 
primary  screwworm  \arvu(Cot'htiomyfatwmmhrorax) 
is  an  obligatory  parasite  responsible  for  most  of  the 
oases  ol  screnworm  infestations  in  animals  and 
humans  in  the  United  States  and  in  Latin  America. 
The  adults  are  rarely  collected  in  ordinary  fly  traps. 
The  secondary  screwworm  larva  (Cochfiomyiu  mocW- 
lanaj  is  a  scavenger  and  garbage  feeder,  The  adults 
are  often  abundant  in  fl>  trap*  in  the  southern  United 
Static.  The  differences  between  the  adults  in  the^e 
two  species  arc  minute.  The  larval  tracheal  trunks  are 
deeply  pigmented  in  the  primary  screwworm  and  kbs 
so  in  the  secondary  sCrtzwworm,  The  screwworm  is  the 
larva,  or  maggou  ol  the  screwworm-  fly.  The  taper  of 
The  larva\  body  and  the  rings  of  spines  that  encircle 
it  MJiriL-wbai  resemble  wood  screw,  hence  if*  com- 
mon name. 

The  primary  screwworm  {Cochliomyia  honuni- 
vtira.x)  is  a  tropical  and  subtropical  species  widespread 
in  I>itin  America.  Formerly  itoccurred  throughout  the 
year  in  southern  Florida  and  Texas,  but  extended  its 
range  north  wurd  by  flight  and  on  shipments  of  domes- 
tic animals  no  that  it  occurred  by  fall  as  Ear  north  as 
Virginia,  Iowa,  and  California.  The  primary  screw- 
worm is  stnctl>  parasitic,  attacking  only  clean  fresh 
wounds,  ft  paras  in  res.  cattle,  sheep,  goats,  human*, 
and  other  animals.  Inlcstation  of  20  percent  of  the 
h\Csiock  ha\c  been  reported  in  lome  ufea^with 
mortality  reaching  20  percent  ol  those  infested.  In 
1435.  there  were  1.200.000  caf>es  in  livestock  and  55 
cases  in  humans  in  Texas  alone.  However,  by  use  of 
ihc  sterile-male  technique,  beginning  in  !95S.  the 
primary  screwworm  was  eradieateu  iriim  rhe  United 
Slates  east  "t  the  Mississippi  River.  Eradication  ue\i 
of  the  Mississippi  is  more  dilf  icult' because  of  rcintro- 
duciion  from  Mexico,  ["he  eggs  ot  the  primary  serew-^ 


worm  are  laid  in  single  batches  of  10  to  400  eggs  in 
or  near  wounds.  They  hatch  in  13  to  21  hours  and  the 
larvae  penetrate  the  tissues,  leaving  their  posterior* 
ends  exposed  to  the  air.  Feeding  is  completed  in  4 
to  8  days,  after  which  they  drop  to  the  ground  and 
enter  the  soil  to  pupate.  The  average  life  cycle  under 
summer  conditions  requires  about  24  days.  Adults 
seem  to  be  less  active  than  other  Calhphoridae,  but 
they  have  a  recorded  flight  range  of  9  miles. 

The  secondary  screwworm  (Cochliomyia  maceitaria) 
is  very  similar  to  the  primary  screwworm  in  appear- 
ance. It  occurs  throughout  the  United  Slates,  but  is 
seldom  abundant  in  the  North.  This  species  does  not 
infest  living  tissues,  but  it  will  infest  wounds  where 
it  feeds  upon  the  dead  tissues.  It  is  frequently  involved 
in  the  "blowing**  of  meat  in  shops  and  homes,  and 
may  be  of  economic  importance  in  this  connection 
especially  in  abattoirs,  The  eggs  are  deposited  in  a 
Loose,  yellowish  mass  consisting  of  40  to  250  eggs. 
They  hatch  in  about  4  hours,  the  larvae  feeding  upon 
dead  animal  "tissues.  They  reach  maturity  in.  6  to  20 
days  and  then  crawl  into  the  soil  for  pupation.  Tht 
total  lime  required  for  developmenr  imo  the  adult 
stage  ranges  from  9  to  39  days,  with  development 
being  most  rapid  in  a  warm,  humid  climate.  Ten  to 
14  broods  may  be  produced  annually.  The  adults 
usually  live  2  ro  6  weeks.  They  feed  on  a  variety  of 
foods,  from  garbage  to  neciar/T)ead  animals  and 
vegetation  surrounding  them  have  swarms  with  thou- 
sand* of  these  flies-  A  maximum  flight  range  of  15 
miles  ha*  been  recorded. 


Exercises  (619): 

1 .  Match  the -bottle  flies  and  blowflies  >n  column  A 
with  the  identifying  charv^ristics  in  column  B, 


(Sottvnty  A  Ctriumn  & 

I.  Bluebottle  ilicb  u.  Dorises  +jis  nantc  from  ihc  l&ct 
1  tireenbotllc  flics  thai  it  accumulate*  in  closets. 
}  ft  kick  blow  linn  ulliCjs.   and    unused    rooms  to 

Clusicr  tlicb  hibernate. 
5  Screwworm  Hies     b.  They  arc  10  *o  15  mm  Jong  or 
more,  with  a  dulUhoraxand  shiny 
meiatlic  blue,  green,  nr  purplish 
Jhdomcn. 

c.  1  he  fly  ha*  been  cradrcateii  from 
tht  United  Stajcb  east  of  ibe 
Mibbtibippi  mer  by  the  sterile* 
male  technique,  J 

d.  The  optimum  temperature  tor 
/                              development  oi  eggb  b  aiKiut 

W  I ,  (34,72*  C). 

e.  In  the  North  the>  uvec^inter  &b 
tutl  grown  larvae,  bui  in  the 
South,  as  adult*. 


2.  Complete  the  following  statements  concerning  the 
importance  and  biology  of  the  bottleHy  and 
blowfly. 

L  Bottle  tl lcs  and  blowflies  lay  their  eggs  upon 

animal  carcasses  and  meal  products  

"hbitle"  o^hlow"  


2.  Culliphnridac  serve  as  mechanical  vectors  of 

in  the  same  way  as  do  . 

3.  Bluebottle  flies  require  days  or 
more  to  develop  from  egg  to  aduli. 

4.  The  life  cycle  of  the  green  bottle  fly  is  normally 
completed  in  9  to  21  days  with  to 
 venerations  per  year. 

5.  The  black  blowfly  is  a  strong  flyer  and  has  an 
effective  flight  range  of  miles. 

6.  The  primary  screw  worm  Larva  is  an  obligatory 
parasite  responsible  for  most  of  the  cases  of 

screwworm  infestations  in   l__  and 

 in  the  United  States  and  


620. 'Complete  ^iven  statements  concerning  the  inv 
purtance  and  life  cycles  of  botflies. 


Identification  and  Biology  of  Botflies  (Families 
Cuterebridae*  Oestridae*  and  Gasterophilidae).  Botfly 
larvae  cause  myiasis  in  many  kinds  ul  domestic  ani- 
mals and  in  humans.  These  flies  are  in  three  different 
families*  but  the  more  important  species  can  be  dis- 
cussed together/  The  human  botfly  iDermatobia 
hummis)  occurs  in  Suuth  and  Central  America  and  in 
Mexicu.  Its  larvae  parasitize  birds  and  mammals,  in- 
cluding man.  The  adult  fly  p*oes  not  seek  its  hust  di- 
rectly but  uses  as  a  vector  some  uther  species  of  insect 
or  arachnid^  Psoraphora  mosquitoes*  domestic  flies, 
iind  ticks),  The  female  captures  a  vector  species,  glues 
her  eggs  to  it.  and  then  releases  it.  When  the  vector 
alights  on  a  warm-blooded  animal,  the  eggs  of  the 
hoi  fly  hatch  and  the  larvae  penetrate  the  Nkin.  Devel- 
opment requires  from  50  tu  LOO  days  after  which 
larvae  emerge  from  the  host,  drop  to  the  ground,  and 
pupate.  The  rabbit  and  rodent  bots  (Cuiervhra  spp) 
are  able  to  cause  nasal  and  dermal  myiasis  in  man  as 
well  as  to  parasitise  their  normal  hosts. 

The  sheep  botfly  (Ot^trux  ovisj  usually  causes 
ny>aJ  myiasis  in  sheep  but  may  cause  myiasis  uf  the 
human  eye.  It  is  worldwide  in  distribution.  The  cattle 
botflies  or  ox  warbl-s  (Hypoderma  spp)  arc  usually 
found  in  tumorous  swellings  on  the  backs  of  cattle, 
but  they  may  cause  myiasis  in  horses  and  humans. 
The  larvae  of  horse  botflies  (Gasiernphilus  spp) 
usuaJIy  live  in  the  alimentary  tracts  of  horses,  asses: 
and  related  host*.  Alter  completing  development, 
they  . pass  out  with  the  feces,  pupate,  and  the  adults 
emerge.  The  aduli  female  fastens  her  egg*  tu  the  hair 
or  hps  ot  a  host  animal.  The  larvae  are  either  swal- 
lowed ut  they  burrow  under  the  skin,  eventually  reach- 
ing the  alimentary  canel  where  they  fasten  Eo  the 
lining  by  means  ol  their  mouth  hooks. 

Exercises  1620): 

J    The  human  butfly  ijecurs  m  -   ^nd 

 r  America  and  in  \ 


2,  The  adult  fly  does  not  seek  its  host  directly  but 

uses  as  a    some  other  species  of 

 or  

3,  The  sheep  botfly  usually  causes  nasal  myiasis  m 
sheep  but  may  cause  of  the 


4,  The  cattle  botfly  or  ox  warbles  are  usually  found 
in  on  the  of  cattle, 

5,  The  larvae  of  horse  botflies  usually  live  in  the 
■   tracts  of   .   ( 

and  related  hosts. 


621,  Match  a  list  of  flies  of  moderate  importance  to 
humans  with  the  appropriate  descriptions*  and  com- 
plete given  statements  concerning  these  flies.1 


There  are  several  flies  that  are  important  to  us  but 
to  a  smaller  degree  than  those  we  have  already  dis- 
cussed because  they  have  less  association  with  people 
in  the  United  States, 

Midges  (Families  Chaoborldae  and  Chironomidae). 
Midges  are  tiny  flies,  usually  1  to  4  millimeters  long, 
which  breed  in  water  or  damp  soil.  Adult  midges  do 
not  bite.  However,  they  may  occur  by  the  millions  and 
be  most  annoying.  It  Is  sometimes  difficult  to  keep 
them  out  of  people's  eyes  and  nostrils,  particularly 
when  the  midges  are  attracted  to  lights.  The  Clear 
Lake  gnat,  a  species  of  C ha o bond  midge,  is  a  serious 
pest  in  parts  of  California, 

Adult  midges  cause  trouble  by  getting  into  fresh 
paint*  getting  into  paper  factories  and  ruining  sheets 
of  paper*  and  staining  the  sides  of  painted  buildings, 
Chtronomid  midge  larvae  are  sometimes  found  in 
water  reservoirs  and  are  earned  throughout  the  dis- 
tribution system. 

Eye  Gnats  (Family  Chloropidae),  Eye  gnats  are 
tiny,  shiny  black  flies  with  reduced  wing  venation. 
The  important  genus  H appelates  has  a  curved, 
blackish  spine  on  the  hind  tibia  (fig,  2-7),  Eye  gnats 
are  often  very  abundant  in  the  southern  United  States, 
They  Vwarm  about  the  face  and  eves  and  rasp  ihe  eye 
membranes  with  their  mouthparts.  In  the  southern 


Figure  2*?  Eye  gnai  iiiippeftiie*\ 
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United  States  and  in  The  Coachella  Valley  in  Cali- 
fornia* eye  gnats  transmit  organisms  causing  epidemic 
pinkeye,  or  conjunctivitis.  Sometimes"  so  many  chil- 
dren are  affected  that  the  schools  are  actually  closed 
lor  a  week  or  more.  The  larvae  of  eye  gnats  breed  in 
Loose  soil,  frequently  over  vast  areas  of  rich  agricul- 
tural land,  which  makes  control  very  difficu\L  The  life 
cycle  is  completed  in  from  2  to  4  weeks. 

Biting  Gnat*.  Puhkies*  No-See-Ums  (Family  Cem- 
lopogonidae)*  Some  of  the  ceratopogonid  midges  in 
the  genera  Culicoides  and  LeptoconoPs  are  vicious 
biters.  Cuticoides  are  tiny  flies,  about  the  size  of  the 
head  of  a  pin,  generally  witLspotted  wings  and  re- 
duced wing  venation  (fig.  Their  biles  often 
calise  intense  pain,  for  many  people  worse  than  that 
of  a  mosquito.  Important  pest  species  include  Cutico- 
tde*.  metteus.  Cuiicoides  hoffensis  and  Cuiicoides 
furen  uf  the  Hast  and  Gulf  coasts  and  Leprotanops 
torrem  and  Leproconqps  icerieszi  in  the  South  and 
West.  Several  species  of  Cuiicoides.  called  "punkiesJ" 
"^u-see-um.s.■,  or  '"sandflies*"  are  so  small  that  they 
can  crawl  lb  rough  the  ordinary  16- mesh  window 
screen  and  be  serious  pests  at  summer  camps,  shore 
restaurants,  and  bathing  beaches.  In  this  country 
Ct/Itcoides  variipennis  transmits  the  virus  that  causes 
blue  tongue  of  sheep.  Outside  the  United  States 
Cuiicoidex  spp  are  vectors  of  human  filarial  worms 
I  Mansorteiia  ozzardi  and  Acanihocheiionema  per- 
siam)  and  two  types  of  worms  {Onchocerca  cervfeafis 
ol  horses  and  mules  and  Onchocerca  zihsvni  ufket- 
m£  cattle)  that  cause  animal  dieseases. 

Sandflies,  Filter  Flies  and  Moth  Flies  (Family 
Psychodidae)*  The  family  Psychodidae  contains ? 
small  fuzzy  flies  with  hairy  wings  divided  into  two 
distinct  groups:  the  filter  and  moth  flies  in  the  sub- 
family PsvehtKiidae.  whose  females  are  nut  hlood-  ^ 
nickers.  whosL*  wings  are  held  rootlike  over  ihe  hndy, 
and  u  hose  lar\ae  are  commonly  aquatic:  and  the  sand- 
flies m  the  Mjbta/nik  PhleboLomihae  (fig.  2-9>whQ:ve 
females  Lire  blood:vuckers.  whose  wings  are  not  held 
rooflike  (iser  the  bod  v.  and  whose  farvae  are  typically 
lerrt^tnal  Ihe  lilter  and  moth  tly  grnhp  is  widely 
diMnbuiud  and  abundant  in  most  parts  of  the  United 
■State*,  Adult  moth  and  Tiller  Hies  are  often  found  on 
bathroom  and  kitchen  windows,  Some  common 
Miiirce*!  ol  domeMic  inlesttitions  are  dirty  garbage 
containers,  water  traps  m  plumbing  fixtures,  and  ac- 
cumulated gelatinous  debris  around  the  edge  ut  -vinks 
and  wa>h  basins  built  mto  counter  ltips_  A  common 
American  moth  fJ>  w  'Psychoda  aherrtara.  Outdoors 
the  larvae  mav  be  found  in  collections  ot  dirty  water 
and  in  decomposing  organic  materials,  such  as  grass, 
plant  litter,  \ev*aye.  and  garhage,  Filter  flies  (Pfvchmta 
\pp)  are  a  <*eriou*  problem  at  mam  sewage  ireatmeni 
plant*.  Some  Idler  fly  lar\ue  may  caune  myiasis  m 
man.  In  the  Near  and  Har  E;im.  North  Africa,  and 
Central  and  South  Ameri^ii.  *andflje?i  in  the  genera 
Phlehi>tt>*mi\  and  i.atz^mvta  mav  hue  humans  and 
nan:vmit  orgnni:*m*  causing  *andtls  le\  er.  >e\eral 
typvs  of  lcr*hma  makers  and  rmrkmdfo*K,  BfrKidMJck'ing 
^andflie*  arc  compar;m\eh  rure'and  are  not  known  in 


transmit  human  diseases  in  the  Untied  States.  The 
adults  have  betn  found  most  often  in  hollow  trees  or 
in  rodent  burrows,  and  their  immature  stages  may  \ 
breed  there.  Recent  taxonomic  work  places  the  im-\j/ 
ponant  species  of  sandflies  in  Europe,  Africa,  and  W 
Asia  in  the  genera  Phiebotomus  and  Sergentbmyia  * 
and  the  important,  man -biting  American  species  in  the 
genus  Luizomvia. 

BlackflEes  (Family  SimuUiidae)*  Biackflies  (fig. 
2-10}  are  nearly  worldwide  in  distribution  and  second 
only  to  mosquitoes  as  bloodsucking  pests  of  humans. 
They  are  small*  2  to  5  millimeters  long,  stout-bodied 
flies  with  short  antennae,  wings  with  the  anterior 
veins  well  developed,  and  a  humped  thorax  which  - 
Jias  given  them  the' common  name  "buffalo  gnats." 
Both  sexes  suck  nectar  from  flowers  and  most  females 
suck  blood.  The  eggs  are  laid  in  or  near  flowing  water 
and  the  larvae  and  pupae  are  found  attached  to  sub- 
merged rocks,  sticks  or  vegetation.  The  adult  emerges 
from  the  pupa  in  a  submerged  cocoon  and  floats  to 
the  surface  of  the  water  in  a  bubble  of  air.  Many 
species  mate  soon  after  emergence. 

Black  fly  bites  are  painless  at  first,  but  later  become 
swollen,  hard,  and  painful,  sometimes  infected  from 
scratching.  Females  of  certain  species  attack  humans 
while  others  confine  themselves  to  mammals  or  birds. 
They  swarm  around  exposed  parts  of  the  body,  par* 
ticularly  the  head,  and  get  into  the  nose,  eyes,  ears* 
and  mouth.  Heavy  attacks  may  be  fatal  to  humans, 
cattle,  horses,  and  poultry,  possibly  from  toxemia, 
anaphylastic  shock,  or  suffocation  brought  about  by 
inhalation  of  large  numbers  of  swarming  insects. 
Several  species  transmit  tularemia  in  North  America, 
human  onchocerciasis  ( blind irfjffilariasis  due  to 
Onchocerca  vuivuiusj  in  Africa  and  Central  America 
and  bovine  onchocerciasis  in  Europe  and  Austrilia. 
Other  species  transmit  deadly  protozoa  (Leucocyto- 
zoon)  to  ducks  and  turkeys. 

Crane  Flies  (Family  Tipulidae).  Crane  Hies,  which 
resemble  mosquitoes  superficially,  are  slender  flies 
with  long  legs.  They  differ  in  having  a  V-shaped 
suture  owthTThorax  and  no  scales  on  the  wings.  They 
breed  in  water  moist  soil,  and  damp,  rotting  vegeta- 
tion, Many  species.  12  to  25  mm  or  more  long,  are 
attracted  lo  lights  and  enter  homes,  thus  causing 
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Figure  2-9  Sandfly  (  Phiefruiornus). 


complaints  about  invasion  by  "giant  mosquitoes" 
even  though  they  are  unable  to  bite  humane 

Hover  or  Flower  Files  (Family  Syrphidae).  Hover 
or  Rower  flies  are  small  to  large  flies  which  resemble 
bees  or  wasps.  Many  of  them  are  conspicuously 
marked  with  yellow  and  black.  The  distinguishing 
t'ami!  characteristic  is  a  pigmented  line,  called  a 
^pilnous  vein,  on  the  wing.  The  larvae  of  some  species 
breed  in  highly  polluted  water  and  have  long  breath- 
ing tubes  which  have  caused  them  to  be  called  "rut- 
tailed  maggots."  Sometimes  these  are  very  abundant 
hi  .sewage  ireacmem  plants.  Species  of  ErtemUis  and 
Hetophiius  occasionally  cause  human  myiasis. 

Horseflies  and  Deerfliesl  Family  Tabanidae)*  Horse- 
flies and  deerttie**  rival  mosquitoes  and  blackflies  as 
annoying  pesu  of  humans  and  domestic  and  wild 
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animals.  Many  are  vicious  biters  and  can  inflict  pain- 
ful wounds  that  itch  for  days.  Only  thr  females  suck 
blood;  the  males  Teed  on  plant  nectar.  In  most  parts 
of  the  United  States  decrflies  (ChrysoPs)  are  more 
serious  pesis  of  man  than  horseflies  (Tabanus  and  Hy~  \ 
bomitra)  which  are  major  pests  of  cattle  and  horses*' 
However,  along  the  Atlantic  coast,  the  salt-marsh 
green  heads  (Tabanus  nigrovittatus)  are  vicious  pests 
of  humans,  particularly  at  bathing  beaches.  Other 
species  of  horseflies  may  be  serious  bloodsucking 
pests  elsewhere.  Many  species  deposit  their  eggs  on 
vegetation  near  water/  and  their  larvae  develop  in 
damp  soil  or  water  but  some  develop  in  dry  pasture- 
lands.  In  general  most  species  have  one  generation 
a  year. 'but  some  of  the  larger  species  such  as  the 
black  horsefly  (Tabanus  atratus)  If 2*11)  may  take 
2  or  3  years  for  development. 

The  family  Tabanidae  contains  small  to  very  large 
flies,  6  to  33  mm  in  length*  generally  recognized  by 
the  five  posterior  cells  on  the  wing  and  the  3-seg- 
mented  antenna. 

Horseflies  (Tabanus)  usually  are  larger  than  deer- 
flies  and  lack  spjirs  on  the  hind  tibiae. 

Decrflies  (Chrvsops)  average  6  to  12  mm  long, 
generally  have  spotted  wings,  and  havetwo  spurs  on 
the  hind  tibia  (fig.  2-12).     iy  *  < 

Tabanidae  are  vectors  of  several  diseases  of  man 
and  animals  caused  by  such  organisms  as  viruses 


Figure  2-1  J.  HoTsefly. 


( equine  infectious  anemia,  vesicular  stomatitis.' hog 
chloera.  and  California  encephalitis),  bacteria  (an- 
thrax and  tularemia),  rickettseae  or  rickettsia-like 
organisms  (Q  fever  and  anaplasmosis}.  trypanosomes 
(surra),  and  filarial  worms  (basis  and  elaephorosis): 
In  the  United  States  decrflies,  particularly  Chrysops 
Uiscaiis  are  important  in  the  mechanical  transmission 
of  tularemia  in  the  West*  where  the  disease  is  some- 
times known  locally  as  deerfly  fever-  Both  decrflies 
and  horseflies  may  serve  as  mechanical  carriers  of 
anthrax  bacteria  from  domestic  animals  to  manx 
particular*}1  in  southern  United  Slates- 

Cheese  Maggot  and  Related  Forms  (Family  Pio- 
philidae).  The  cheese  skipper  or  maggot  (Piophi)a 
casoe).is  about  the  size  of  the  housefly-  The  larvae  are 
slender  and  pointed  toward  the  head  end.  At  one. stage 
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the  larvae  arc  able  to  skip  as  much  as  10  inches  hori- 
zontally and  6  inches  vertically  by  curving  their  bodies 
into  rings,  fastening  Lheir  moulh  hooks  onto  their  ab- 
domens, suddenly  releasing  iheir  holds,  and  thowing 
themselves  into  the  air,  The  life  cycle  requires  12  days 
or  more.  The  adult  deposits  140  to  500  eggs  on  cheese 
or  hams.  The  adults  transmit  disease  agents  mechan- 
ically. The  larvae  cause  intestinal  myiasis  in  humans. 

Soldier  Flies  (Family  Straiiomyiidae).  Soldier  flies 
in  the  genus  Hermetia  breed  in  dacaying  -vegetation 
and  organic  materials  and  may  cause  intestinal 
myiasis  in  humans.  These  flies  may  be  an  important 
check  on  populations  of  domestic  flies  since  the 
soldier  fly  Larvae  tend  to  keep  material  in  privy  pits 
Mifuanti  moist,  an  unfavorable  habitat  for  housefly  - 
larvae. 

Snipe  Flies  (Family  Rhagionidea)*  Snipe  Hies  breed 
in  wacer  or  soil.  Their  larvae  are  predaceous.  Mem- 
bers uf  the  genera  Athens*  Rhagio.  Spartiops:st  and 
Sytnphorvmyia  bile  man.  They  have  not  been  shown  t 
to  be  the  vectors  of  any  human  disease, 

Vinegar  Fifes  and  Fruit  Flies  (Family  DrwophHl- 
dae).  Vinegar  and  fruit  Hies  breed  in  decaying  fruit 
and  may  suddenly  become  numerous  in  a  house.  The 
usual  sources  in  the  home  are  overripe  fruit  and  dirty 
garbage  containers.  The  fruit  fly  (Drosophila  meiano* 
Rasrer}  belongs  in  this  family.  Much  of  the  knowledge 
of  the  science  of  genetics  is  based  upon  studies  with 
this  insect.  Some  species  or  Drosophila  cause  intesti- 
nal myiasis  in  humans. 

Sheep  Ked  and  Louse  Flies  (Family  Hippobo- 
seidae).  Hippobascidae^are  all  ectoparasitic  on  birds 
and  mammals.  Theshecp  ked,  Melophagus  ovimts* 
is  often  found  crawling  on  the  bod  if  s  of  sheephandlers 
and  may  inflict  a  painful  bite.  Ii  is  suspected  of  being 
a  vector  of  Q  fever  in  Canada.  Bird  louse  Hies,  such 
as  Pseudoiynvhiu  tunuriensis  from  the  pigeon*  may 
also  be  J  mind  %on  and  biting  man. 


Exercises  {621): 

1    Match  the  name  of  the  flies  in  column  A  with  the 
statements  in  column  B. 


(~t*ttt*Hft  1 

(  nil  turn  H 

1 

Villi  l(  <^ 

si 

\  lie\       Lh  l!  "humped"  thnr.ix.. 

\ 

He  gUiii* 

which  has  given  them  the  com- 

Hiiing gruti.  pucuio* 

mon  name  "buffalo  grtats ~ 

S.irnl.  iiltcr.  ^nd 
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1  hi'>  *irc  ni>t  k  rumn  tn  he  vec- 

mcith !lic!\ 

tor*.  , 1 1  jm  ftimuri  tWj>c 
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ri 
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St>rncttmtfi  called  "iininc  mn\- 
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*■  Iutil1  margin  .Jrui 

quiioe*"         though  iho  jrc 
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uitiihlc  In  Kile  m*in 
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Htppiibiiv\id.ic  .irt"  .til  cctu- 
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Snipi"  ilics 

p.ii.iMhC  .in  hird\  ^fnl  num- 
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^  mcg,u  ,ind  [mil 
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Ht^t:d  m  dcuu  ing  i  rtui  4ml 

sht^p  ked  ^riij  unlit: 

mas  ^iiddtrtilv  Kccomu  imrntfr- 

\)k\ 

<>u>  in  hmi^t: 

gT  Tiny  Hies,  usually  I  10  4-  millt- 
m tiers  long,  which  breed  in 
water  or  damp  toil,  | 

h.  By  curving  Iheir  bodies  into 
rings  they  can  throw  Ihenv 
stkro  abow  JD  inches  Jiori- 
lomally  or  6  inches  vertically, 

i.  They  rival  mouquiloes  and 
blackflies  as  the  most  annoying 
peii  of  hiimjni  and  animals, 

j/  So  small  that  ihey  crawl 
through  ordinary  16-mesh 
window  screen. 

k.  Areeomporaiively  rare  and  are 
not  known  10  transmit  human 
disease  in  Che  Uniietf  Staled 

I.  Breed  in  decaying  vegetation 
and  organic  materials  and  may 
cause  intebiiruiL  myiasis  in 
human*. 

m.  The  larvae  are  igmeiimes 
called  mi  mailed  maggots 


2,  Complete  chc  following  statements  concering  flics, 

1,  Chironomid  midge  larvae  are  sometimes  found 
in  

2,  Eye  gnats  are  tiny,  shiny  black  flies  with  

 wing  venation, 

3.  Cuiicoicles  variipennis  transmits  the  virus  that 
causes  . 

4.  Adult  moth  and  filter  flies  are  often  found  on 
 and  windows. 

5^  Blackflies  are  nearly  worldwide  in  distribution 

and  second  only  to  mosquitoes  as  

pests  of  humans. 
6,  Crane  Mies,  which  resemble  mosquitoes  are 

slender  flies  with  

,  7.  Horseflies  (Tahanus)  usually  are  larger  than 

deerflies  and  lack   \ —  on  the  


The  adults  of  the  cheese  skipper  and  related 

forms  transmit  disease  agents   

and  the  larvae  cause  -  in  humans. 


2-4.  Survey  Mel  hods  and  Control  Measures 

Hy  >urveys  reveal  what  species  01  fliej>  are  present 
and  furnish  an  mdex  as  to  fly  abundance  in  an  area. 


hiuurc  2-\2.  Dcct11\ 
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By  comparing  your  successive  surveys,  you  can  evalu- 
ate control  effectiveness.  Since  it  is  not  possible  to 
determine  the  precise  number  of  flies*  surveys  are  de- 
signed 10  give  an  index  of  the  population.  A  good  sur-  ■ 
vey  will  also  show  relative  numbers  of  the  various 
species.  The  method  you  use  must  be  reliable  enough 
that  successive  surveys  can  be  compared.  Reliability 
is  limited  by  your  skill,  the  errors  inherent  in  the 
methods,  and  the  fluctuations  of  fly  population  in 
response  to  environmental  conditions. 

The  control  measures  that  we  will  cover  in  this 
section  include  natural  means,  applied  measures, 
such  as  environmental  sanitation  and  chemical  con- 
trol, and  integrated  control.  First,  though,  let's  exam- 
ine some  methods  for  conducting  surveys. 


6ZZ.  Complete  ftiven  statements,  concerning  the  pur- 
pose of  conducting  fly  surveys,  the  methods  used  to 
collect  flics,  and  the  use  of  information  gained  from 
the  surveys. 


Methods  for  Conducting  Surveys.  In  determining 
fly  populations  and  the  need  tor  control,  adult  surveys 
are  usually  more  practical  and  reliable  than  larval 
surveys.  Consequently,  all  commonly  employed  tech- 
niques are  related  to  adult  populations,  The  most 
generally  used  methods  are  the  insect  net  surveys*  fly 
trap  surveys,  and  ine  fly  grill  surveys.  The  insect  net 
and  fly  trap  surveys  are  used  to  determine  the  finds 
ol  flies  present  in  an  area,  whereas  the  fly  grill  surveys 
provide  an  index  to  the  relative  numbers  of  the  vari- 
ous species  in  the  fly  population.  None  of  these  types 
of  surveys  gives  an  absolute  count  of  the  fly  popula- 
tion present  in  an  area. 

Imect  net  surveys.  The  vtandard'sweep  net  i-s  olten 
usod  to  make  a  quick  survey  lor  adult  flies,  particu- 
larly at  open  dumps*  cattle  feed  lots,  or  in  epidemic 
or  disaster  areas  where  there  are  large  amounts  of 
decaying  vegetables  and  fruits,  dead  animals,  garbage, 
or  relume.  The  specimens  can  be  killed  with  a  chloro- 
Jorm  or  cyanide  killing  tube,  determined,  counted, 
and  recorded. 

Fly  trap  surveys.  Trap  surveys  have  the  advantages 
of  securing  a  reasonable  cross  section  of  the  popula- 
tion lor  careful  identification,  making  an  approximate 
count  ol  the  relative  numbers  of  tlte  various  species, 
and  trapping  flic*  alive  for  laboratory  audyr The  two 
commonly  used  fly  trap  survey  techniques -are  the 
bunted  trap  and  the  Cone  trap.  Bait  traps  are  useful 
tor  determining  [he  species  present  and,  roughly,  tfee 
relative  numbers  of  the  various  species.  A  good  bait 
imp  must  he  durable*  attractive,  easily  Used,  and 
should  have  some  device  for  fastening  it  to  the  ground. 
Attach  a  ^uitahle  sign,  such  as  "Do  Not  Touch,  Con- 
ducting Fly  Survey  "  Place  an  attractant  in  the  pan 
under  tne\^trap<  After  the  flies  feed  or  deposit  eggs 
on  rhe  baii/TFiey  move  toward  the  light  and  enter  the 
trap  through  a  *ma)t  opening  in  the  cone.  Since  they 
do  not  generally  fly  downward  to  escape,  and  since 


»  V  ' 

the  cone  opening  is  difficult  to  find,  few  escape. 

Because  not  all  flies  respond  to  the  same  attractant, 
use  an  all-purpose  bait:  fish  heads,  chicken  entrails, 
vegetables,  and  fruit  Place  traps  in  different  sections 
and  in  different  types  oV  blocks  (slums,  good  housing, 
business,  industrial,  etc.).  Flies  are  killed  in  chloro- 
form jars,  then  identified  and  counted.  Collections 
may  be  stored  in  boxes,  Such  as  ice  cream  Cartons. 
Each  collection  Should  be  labeled  with  dale,  location, 
method  of  collection*  and  name  of  collector.  In  exten- 
sive surveys  a  special  form  may  be  designed  for  re- 
cording data. 

Fly  cones  are  used  primarily  to  collect  live  flies  for 
bacteriological  and  virological  study.  The  fly  cone 
trip,  made  offscreen  wire,  is  placed  over  a  natural 
attractant  (garbage,  manure,  etc.),  trapping  flies 
beneath  it.  A  dark  cloth  is  thrown  around  the  coneand 
the  apparatus  is  carefully  agitated.  Attempting  to 
escape,  the  flics  move  upward  toward  the  tight  and 
enter  the  cage;  then,  ffie  sliding  door  of  the  cage  is 
closed  and  the  collection  is  labeled.  Ries  mriy,  be 
taken  to  the  laboratory  for  bacteriological  and  viro- 
logical study. 

Fly  grill  surveys.  Fly  grills  are  used  widely  in  mod* 
ern  evaluation  of  fly  populations.  Fly  grill  surveys 
are  faster  than  baited  trap  or  fly  cone  surveys  and 
give  a  valid  picture  of  the  Hy  situation.  The  fly  grill 
depends  upon  the  tendency  of  flies  to  rest  on  edges; 
it  presents  many  attractive  resting  sites.  The  grill  is 
placed  over  natural  an  racisms  (garbage,  manure, 
etc.)  and  the  number  of  flies  landing  on  the  grill  dur- 
ing a  30-second  interval  is  tabulated.  When  the  grill 
is  put  down,  the  flies  are  disturbed  from  the  attractant 
and  fly  upward  for  a  short  distance.  When  all  is  again 
quiet,  they  come  back  down,  alighting  on  the  grill 
instead  of  the  attractant.  If  fly  counts  are  so  high  that 
total  counts  become  impracticable,  you  can  divide  the 
grill  into  halves,  quarters,  or  sixths,  with  painted 
marking*.  You  must  count  at  least  one-sixth  of  the 
grill.  Make  a  minimum  of  10  counts  in  each  block 
sampled,  and  record  the  5  highest  counts.  This  piece 
of  equipment  is  often  called  the  Scudder  fly  grill, 
for  Dr.  Harvey  Scudder  of  the  Communicable  Disease 
Center  (CDC)  who  first  developed  this  method  of 
making  adult  fly  surveys. 

Reconnaissance  surveys.  Reconnaissance  surveys 
are  ordinarily  used  as  a  supplement  to  fly  grill  surveys. 
You  take  them  in  a  vehicle  or  on  foot  by  observing  the 
abundance  of  flies  in  favored  resting  places  and  re- 
cording densities  as  estimated  grill  readings.  These 
surveys  provide  data  to  guide  control  operations  in 
areas  lacking  grill  coverage*  to  facilitate  rapid  control 
in  times  of  epidemic  or  disease,  to  serve  as  post- 
treatment  evaluations  of  space  spray  applications, 
and  to  serve  as  preventive  maintenance- inspections 
during  times  of  low  fly  density.  Reconnaissance  sur- 
veyors should  be  very  familiar  with  fly  grill  survey1 
methods.  - 

Use  of  Survey  Information!  The  success  of  fly  con- 
trol programs  depends  largely  on  close  coordination 
of  entomological  surveillance  and  control  activities. 


* 


By  comparing  data  from  survey  to  survey  it  is  possible 
to  find  problem  areas*  and  to  concentrate  efforts  to 
eliminate  the  most  important  breeding  sites  oP  flics. 
Primary  emphasis  should  be  given  to  environmental 
sanitation  rather  than  insect icida I  application-  One 
of  ihe  besi  uies  of  sun-e-y  data  is  in  reports  and  pub- 
licity progttims  to  make  key  officials  and  other  base 
personnel  more  aware  of  program  activities  and  to 
obtain  their  support. 

r 

Exercises  (622); 

f.  Adult  surveys  are  Usually  more  practicaJ  and  re- 
liable than   

2.  The;  standard  insert  sweep  net  is  often  used  to 
make  a  quick  survey  for  flies, 

3.  The  two  commonly  used  fly  trap  survey  techniques 
are  and  

4.  Fly  cones  are  used  primarily  to  collect  live  flies 
tor  -  arid  study. 

5.  Fly  grills  are  widely  used  in  modern  evaluation  of 


f).  Reconnaissance  surveys  are  ordinarily  used  as  a 
supplement  to  surveys. 

7L  Primary  emphasis  should  be  given  to  

rather  than  insect  icidal  application. 


623.  Complete  given  statements  concerning  the  nat- 
ural measures  that  control  flies. 


Natural  Ply  Control  Measures.  The  primary 
factors  limiting  the  density  of  fly  populations  are  the 
physical  environment.,  including  availability  of  foods 
water,  shelter.  and  suitable  breeding  media;  para- 
sitism hy  viruses,  nckettsiac.  spirochetes,  bacteria, 
I  imgi.  protozoa,  and  roundworms;  predation  by  centi- 
pedes, mites,  spiders,  pscudoscorpions.  other  insects, 
Ltmphihiuns.  reptiles,  birds,  and  mammals:  and  com- 
petition of  tine  fly  with  another  for  the  benefits  of 
the  environment. 

Fly  populations  are  modified  by  reproduction, 
uhich  is  often  tremendous:  mortality,  which  is  also 
enormous  and  migration,  which  varies  with  the  na- 
ture of  environmental  pressure.  Many  more  Hies  are 
born  than  can  survive.  The  numbers  ot"  flies  an  area 
can  support  is  limited  by  the  nature  of  the  physical 
and  biolo^ital  environment.  Excess  flies  must  either 
migrate  or  die. 

Example:  Block  A  has  an  environment  capable  ol 
supporting  1000  bousellies  and  uf  producing  125,000 
additional  flies  every  2  week*.  The  newly  developed 
flies  face'  severe  competition  for  food,  water,  and 
shelter*  1  hey  •  are  killed  by  disease  and  predation. 
Some  migrate  and  compete  with  neighboring  fly  pop- 
ularionv  The  small  percentage  surviving  mate:  and 
the  females  compete  for  suitable  media  in  which  to 
las  their  eggs.  Another  1 25,000  eggs  hatch  and  the 
grc;u  struggle  begins  anew.  . 


Many  parasites  and  predators  decrease  domestic 
fly  production.  Some  bacteria*  such  as  Bacillus  thur- 
ingienstSt  have  been  used.  The  protozoan,  Oetospona^ 
muscQedomesticQe.  may  be  an  important  factor  in 
controlling  the  housefly  and  several  other  domestic 
flies.  Some  species  of  mites,' such  as  iXfacrocheies 
musvaedomestivae  prey  upon  flies.  The  larvae  of  a 
number  of  domestic  flies,  such  as  Qphyro  and  Mus- 
ana,  feed  on  other  species  of  fly  larvae  and  have 
been  reported  to  play  a  role  in  controlling  houseflies. 

All  of  these  parasites  and  predators  are  normal 
inhabitants  of  manure.  In  order  to  derive  maximum 
benefits  from  natural  fly -control,  these  parasites  and 
predators  must  be  permitted  to  live  in  the  dung. 

Exercises  (623): 

1.  The  numbers  of  flies  an  area  can  support  is 

  by  the  nature  of  the  : —  and 

 environment. 

2.  The  biological  aspects  that  modifies  fly  popula- 
tions arc  , ,  and  migration, 

3.  The  three,  most  important  physical  environment 
factors  that  limit  the  density  of  fly  populations  is 

the  availability  of  *  :  , 

and  

4.  In  order  to  derive  maximum  benefits  from  natural 

fly  control,  and  !_  must 

be  permitted  to  live  in  dung, 

624.  Provided  statements  pertaining  to  the  biological, 
mechanical,  and  construction  and  maintenance  con- 
trol measures*  identify  the  statements  as  being  true 
or  false. 


The  applied  control  measures  that  can  be  imple- 
mented against  flies  include  biological,  construction 
and  maintenance,  mechanical,  sanitation,  and  chem- 
ical The  biological,  construction  and  maintenance, 
and  mechanical  controls  will  be  discussed  within  this 
objective.  However,  because  of  the  extensive  discus- 
sion that  is  required  for  the  sanitation  and  chemical 
controls,  these  controls  will  be  discussed  in  separate 
objectives. 

Biological  Control.  Flies  have  been  controlled  by 
rearing  uny  hymenopterous  parasites  and  releasing 
them  to  prey  upon  certain  species  uf  flies,  Manyof^ 
the  natural  parasites,  predators,  and  bacteria  have 
been  physically  brought  in  and  released  in  areas  that 
are  heavily  intested  with  flies. 

Controls  have  even  been  accomplished  by  steri- 
lizing male  flies  and  releasing  them  to  mate  with  the 
females  of  the  same  species. 

A  classic  example  of  the  sterilc-male'Sechnique  to 
control  or  eradicate  insects  is  the  program  which 
eradicated 1  ihe  primary  screwworm  fCoMiomyia 
honttntvorax)  trom  the  southeastern  United  States. 
Millions  ot  serewworms  were  rearedin  the  laboratory. 
Males  wvre  sterilized  with  radioactive  cobalt  and 


liberated  in  the  field  where  they  mated  with  normal 
females.  Since  the  female  screwworm  mates  only 
once,  eggs  never  hatched  from  the  females  that  had 
mated  wit*  sterile  males.  The  screwworm  was  eradi- 
cated from  the  southeastern  United  States  in  1958 
and  1959  with  savings  of  millions  of  dollars  annually  " 
to  the  cattle  industry.  However,  in  the  southwestern 
United  States  the  sterile-male  technique  has  not  been 
so  successful  because  of  constant  ^introduction  of 
screwworms  from  Mexico.  If  adequate  nulmbers  of 
vigorous  and  competitive  sterile  males  are  introduced 
into  a  natural  population  to  mate  with  normal  females, 
that  population  will  soon  cease  to  exigt.  The  sterile 
males  should  outnumber  the  fertile  males  in  {he  target 
population  so  that  the  chances  of  a  sterile  male  mating 
with  a  normal  female  greatly  exceed  that  of  a  fertile 
normal  male,  The  sterile  male  technique  has  been 
attempted  in  controlling  tsetse  flies  in  Africa,  house- 
Hies  in  the  United  States,  and  fruit  flies*  in  the 'Pacific. 

Mechanical  Control.  Controlling  flies  by  means  of 
mechanical  measures  includes  the  use  of  screens,  fly 
traps,  electrocution  devices-,  and  electric  fans. 

Screening,  Screening  buildings  \$  the  most  widely 
used  fly  exclusion  technique.  Although  costly,  and 
nut  detrimental  to  the  lly  populations,  #us  method 
can  keep  buildings  virtually  free  of  Hies  and  will 
therefore  be  continued  as  long  as  major  insect  prob- 
lems remain  unsolved.  Screens  should  be  made  of 
copper,  aluminum,  plastic,  or  some  other  noncor- 
rodible  material.  They  should  be  mounted  in  durable 
frames  and  should  not  detract  from  the  appearance 
of  a  building,  The  screen  size  should  be  about  16  mesh 
(16  strands  to  the  inch)  in  order  to- give  the  greatest 
protection  without  undue  loss  of  light  or  air  Circula- 
tion. The  screens  should  Tit  tightly  injhe  window  or 
door  frames  so  that  the  Hies  and  other  insects  cannot 
enter  around  the  edges. 

Fly  traps.  While  useful  for  survey  purposes,  traps 
merely  harvest  the  excels  fly  population  and  give  little 
immediate  relief,  and  no  long  range  control.  New  re- 
smirch  with  lly  attractants  may  add  to  the  usefulness 
li I  lly  traps  in  the  future. 

Electrocution.  Electrocution  has  proven  effective 
under  certain  situations,  Two  common  techniques 
are  used  In  the  first,  a  fly  trap  is  electrified.  In  the 
^ecimci.  electrification  of  window  and  door  Greens 
is  accomplished  using  house  current  transformed  to 
low  amperage  and  hjgh  voltage  1^500  to  4000  volts  is 
desirable)-  When  the  [lies  alight  on  [he-*creem,  they 
are  immediately  killed,  yet  these  screens  wiTEPiot 
harm  a  human  being  or  other  targe  animal.  Installa- 
tion ol  electric  screen  is  very  expensive.  It  has  been 
used  where  the  fly  problem  is  acute. 

Ktet  trie  fans,  Pans  mounted  aver  doorways  leading 
to  food  service  establishments  will  keep  out  a  signifi- 
cant percentage  of  Hies.  Large  buildings  sometimes 
have  air  barriers  or  doors,  to  keep  out  dust,  smoke, 
and  insects,  but  which  are  hardly  noticeable  to  Persons 
passing  in  and  out.  Air  velocities  should  be  greater 
than  !50O  teet  per  minute  at  a  3-foot  level  to  obtain 
a  reasonable  degree  q[  efficiency. 


Cooitriietion   and   Maintenance  Control.  Base 
facilities^hould  be  constructed  and  maintained  in  a 
fashion  %at  will  exclude  flies  from  entering.  Doors 
and  windows  must  fit  snuggly  and  all  holes  leading  to  s 
exterior  portions  of  facilities  must  be  sealed.  ^ 


Exercises  (624): 

Mark  the  following  statements  as  true  or  false. 

— _  1,  The  applied  control  measures  that  can  be 
implemented  against  flies  include  biological* 
construction  and  maintenance,  mechanical* 
sanitation,  and  chemical. 

 2.  The  primary  screwworm  fly  has  been  eradi- 
cated from  all  parts  of  the  United  States 
through  the  sterile-mate  technique. 

 ^  3.  Screening  buildings  is  the  most  widely  used 

*      fly  exclusion  technique, 

 4.  Fly  traps  provide  good  long-range  control, 

 5.  Electrocution  is  a  very  effective  method  of 

fly  control, 

 6.  Fans  mounted  over  doorways  leading  to  food 

service  establishments  will  keep  out  a  signifi- 
cant percentage  of  flies, 

625.  Complete  given  statements  concerning  environ- 
mental sanitation  control  of  domestic  flies. 


Modern  fly  control  programs  involve  both  refuse 
control  and  environmental  sanitation.  Sewage  artd 
industrial  wastes,  while  usually  not  the  number  one 
fly  breeding  sources,  can  be  major  fly  producers. 
Since  some  of  these  wastes  are  heavily  laden  with' 
germsn  or  pathogens  causing  diarrhea  and  dysentery, 
they  become  important  beyond  thdfr  volume  from 
the  public  health  standpoint.  Animal  feeds  and  ex- 
crement* plus  a  large  nomber /jST  minor  breeding 
sources,  can  add  significantly  to\rne  fly  population, 
These  sources  should  be  sought  ourbJ^afiminaled  in 
order  to  have  an  effective  fly  control  program. 

Refuse  Storage.  Sanitary  refuse  storage  on  all  pre- 
mises is  the  basic  requirement  for  effective  domestic 
fly  control.  At  individual  hornes  and  small  aprtments-, 
metal  or  plastic  garbage  cans  are  suitable  for  storing 
garbage  or  refuse.  Garbage  cans  should  be  of  heavy- 
duty  construction  to  prevent  damage  by  collection 
personnel,  rust-resistant,  watertight,  easy  to  clean, 
and  easily  handled  by  one  man.  They  should  have 
tightly  fitting-  lids  to  exclude  flies  and  recessed  bot- 
toms to  prevent  rusting,  if  made  of  metal  Ideally,  all 
garbage  should  be  placed  in  polyethylene  or  plastic 
bags  to  provide  an  additional  barrier  to  fly  breeding. 
Enough  containers  should  be  provided  on  all  premises 
so  that  refuse  need  never  be  stored  in  boxes,  cartons, 
bags-  or  simply  left  on  the  ground.  Heavy  plastic  bags 
arc  widely  used  as  liners  for  refuse  containers,  bot 
they  *huuld  not  he  used  Jb  substitutes  for  garbage 
cans,  Plastic  bags  can  be  torn  open  by  cats.  dogs, 
anti  rats,  and  are  often  not  fly-tight,  Garbage  cans 

3? j 
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should  he  kepi  on  a  neat  unci  easily  cleaned  rack, 
platform,  or  slab,  Spillage  of  garbage  on  soil  can  be  a 
source  of  fly  production.  Cans  should  be  ol  20-  to  32- 
gaJlon  capacity  or  smaller.  Larger  cans  make  thejob 
<d  collection  too  difficult.  At  large  apartments  and 
oiher  establishment!!,  such  us  rcstaurai.ts,  largj  metal 
bulk  containers  are  more  sulislactory  generally  than 
garbage  cans.  They  should  have  lids  which  close 
automatically  and  be  so  constructed  that  they  can  be 
cleaned  easily.  Fly  larvae  are  nltcn  found  in  the  sludge 
in  the  bottom  of  garbage  cans  and  bulk  containers. 
A-ihes  and  other  heavy  refuse  may  be  stnred  in  can&  of 
20-gallon  capacity  of  less. 

Refuse  Collection:  Under  optimum  summer  tem- 
peratures, the  eggs  ot  domestic  Hies  hatch  in  12  to 
24  hours,  and  the  three  larval  stages  are  completed 
m  3  to  4  days.  Inorder  to  prevent  fly  larvae  in  garbage 
cans  and  bulf/contatris  from  migrating  out  to  pupate 
in  the  groundSwarby,  refuse  should  be  collected  from 
premises  at  regular  intervals:  twice  weekly  from  resi- 
dences and  daily  trnm  high  use  areas,  particularly 
tood-handling  establishments,  transit  quarters,  and 
large  apartments. 

Refuse  Disposal.  The  unitary  landfill  is  one  of  the 
most  economical  and  adaptable  methods  of  disposing 
ot  garbageand  refuse.  At  a  propeYly  operated  sanitary  i 
landhll.  the  most  important  practice  to  reduce  fly 
breeding  *s  compacting  the  refuse  and  covering  it 
vuth  6  inches  or  mure  ol'  earth  ttait\\  When  the  land- 
till  ft  completed,  a  linal  cover  of  24  inches  of  com- 
pacted earth  effectively  eliminates  lly.  mosquito." 
and  rodent  breeding.  Low,  swampy,  submarginal  Land/ 
may  be  reclaimed  as  a  byproduct,  further  reducing 
populations  of  mosquitoes  and  flies,  and  increasing 
property  ;alue,  ' 

Other  Sanitation  Measures.  Minor  breeding  sources 
may  play  a  greater  or  le^er  role  in  the  domestic  lly 
problem.  A  concerted  elfort  should  be  made  to  locate 
and  eliminate  as  many  o)  these  a*  possible.  Look  Jor 
sut'h  things  as  animal  reeds  which  are  kept  wet  by 
rumlall,  accumulations  ot  animal  manures  improperly  . 
spread  or  poorly  stored,  dog  stools,  and  other  animal 
excrement  not  usually  surveyed.  In  short,  search  Jmt 
and  eliminate  any  accumulation  of  organic  material 
thai  remains  moist  Pong  enough  to  produce  Hies. 

Weeds  arc  an  <rpen  invitation  lor  large  populations 
ot  Hies,  The>  prov  ide  extensive  and  varied  cover  for 
the  pests,  make  insecticide  application  difficult,  and 
prevenradequatc  control  ot  refuse,  leccs,  and  other 
breeding  media. 

Kxercises  4625): 

t  ^mplete  the  lollowing  statement  concerning  the 

enwrunmcntaJ  sanitation  control  «t  Hies, 

I.  Modern  fl>  control  "pmgrams  in\oKc  both  reluse 

control  and  , 

1.  Sanitary  refuse  storage  on  alt  premises  is  the  hasic 

requ>rement  for  , 

?>  (jarbajce  cans  should  be  o[  bwivs-dms  conduction 

to  b>  garbage  collected 


4.  Under  optimum  summer  temperatures,  the  eggs  of - 
domestic  Hies  hatch,  in  hours. 

5,  The  sanitary  landfill  is  one  of  the  most  economical 
and  adaptable  methods  of  disposing  of 


6*  At  a  properly  operated  sanitary  landfill,  the  most 
,  important  practice  to  reduce  fly  breeding  is 

  the  refuse  and  covering  it  with 

 inches  or  more  of  earth  daily. 

626.  Match  given  statements  with  the  appropriate 
chemical  Control  measures  for  domestic  flies,  and 
complete  other  given  statements. 


Chemical  control  procedures  include  residual 
sprays,  lly  baits,  impregnated  cords,  space  sprays, 
and  larvicides.  While  each  measure  by  itself  may  be 
effective  to  a  certain  extent,  it  is  frequently  desirable 
to  use  iwo  or  more  methods  at  the  proper  time  to 
achieve  maximum  control. 

NOTE:  The  decision  to  apply  any  insecticide  is 
the  responsibility  of  the  agency  or  individual  con- 
cerned. Each  person  applying  an  insecticide  should 
be  certain  that  the  intended  use  is  in  conformance 
with  existing  local.  State,  and  Federal  regulations 
and  with  the  label  information. 

Residual  Sprays.  For  many  years  residual  sprays 
were  one  of  the  major  methods  of  controlling  house- 
flies.  However  the  housefly  h&s  developed  resistance 
to  many  of  th,e  chlorinated  hydrocarbon  and  organo- 
phosphate  insecticides^  Thus,  these  treatments  are 
of  little  value  in  controlling  (his  species,  although 
they  are  effective  against  other  such  species  as  the 
little  bouseflies  and  blowflies.  For  outdoor  applica- 
tion, the  addition  of  sugar  helps  to  prnlong  maximum 
effectiveness.  Depending  or  ,he  level  of  sanitation 
and  me  intensity  offly  breeding,  such  residua'  spray 
treatments  may  have  to  be  repeated  as  often  as  every 
2  to  4  weeks. 

Recommended  chemicals  to  be  used  as  residuals 
lor  controlling  flies  are  provided  in  Appendix  A  in 
a  separate  supplement. 

Fly  Baits. .Flies  can  be  contrnlled  by  dry  or  liquid 
baits  which  possibly  can  be  prepared  from  one  of  the 
pesticides  recommended  in  Appendix  A.  Dry  baits 
generally  contain  I  to  2  percent  of  the  insecticide  and 
an  attractant  such  as  sugar,  coated  over  an  inert  car- 
rier. ;aich  as  ground  corncob,  oyster  shell,  or  sand. 
Liquid  baits  generally  contain  0.1  to  ft<2  percent  of 
ihe  insecticide  and  10  percent  sugar  as  an  attractant 
dissolved  m  water.  Commercial  baits  containing  these 
insecticides  are  available,  or  ihe  baits  can  be  pre- 
pared from  water-welt  able  powders  or  emufsifiabfe 
concentrates.  Dry  baits  scattered  by  hand  or  from  a 
sitter-type  container  produce  dramatic  reductions  in 
fly  populations  within  a  tew  hour*  but  are  effective 
lor  only  a  day  m  two.  particularly  if  placed  on  damp 
din  surface*.  Permanent  barf  .stations  reduce  the  time 
and  elfort  required  to  provide  constant  inseeticidal 


pressure  un  the  fly  populations.  These  bait  stations 
include  simple  plywood  trays  covered  with  hardware 
cloth  for  dry  baits  and  chicken-watering  fountains 
with  a  cellulose  sponge  in  the  trough  to  prevent  clog- 
ging with  dead  flies  for  liquid  baits.  If  the  emulsifi- 
ublc  concentrate  oi  the  organophosphate  insecticide 
lm  not  readily  available,  you  can  place  a  piece  of 
dichlorvos  resin  strip  in  the  sugar  water  in  the  chicken- 
watering  device.  These  are  sometimes  used  to  provide 
fly  control  in,  backyards  near  barbecue  grills.  People 
using  fly  baits  should  check  regulations  before  apply- 
ing them.  Data  from  studies  in  Georgia  and  Florida 
indicate  that  flies  resistant  to  residual  sprays  were 
killed  by  baiucontatning  these  same  urganophosphate 
insecticides* 

Space  Sprays.  Space  sprays  are  based  on  the  con- 
cept tif  actually  hitting  the  insects  with  a  iethal 
particle  oi  the  insecticide.  They  do  not  provide  a 
residual  deposit  of  the  toxicant  and  must  be  repeated 
periodically,  sometimes  before  each  meal  in  food- 
bundling  establishments  or  each  day  m  dairy  barns, 

For  indoor  use  householders  fluently  rely  on 
hand 'operated  sprayers,  or  aerosol  dispensers  con- 
taining 0.1  to  12  percent  ot  synergi/cd  pyrethrin  or 
allethrin  (or  quick  knockdown  of  pest  Hies, 

For  outdoor  use*  *pace  sprays  have  been  used  effec- 
tively at  refuse  dumps*  near  slaughter  houses  and 
carlle  feed  lots,  and  in  alieys  near  food-handling 
establishment*  and  cargo  storage  areas. 

Regardless  of  where  the  space  spray  is  to  be  used, 
make  sure  that  [he  chemical  is  authorized  to  be  used 
in  the  area  to  be  treated.  You  can  find  recommended 
chemicals  and  the  location  of  use  as  space  sprays  foe 
Ik  control  in  Appendix  A, 

Fly  Cords  and  Resin  Strips.  The  installation  of 
insecticide-impregnated  cotton  cords  at  a  rate  of  30 
linear  Icet  ot  cord  per  100  square  leel  of  floor  space 
has  provided  good  fly  control  in  stables 'tor  periods 
varying  from  6  weeks  to  an  eniire  season.  The  flies 
rest  on  the  cords  and  absorb  a  lethal  dose  of  insecti- 
cide through  their  leet,  CDC  research  ha*  shown  that 
better  fly  control  occurs  when  the  cords  are  hung 
vertically  Us  15  pieces  of  cord  2  feet  long,  or  10 
pieces  of  cord  3  feel  long,  per  100  square  feet  of  floor 
space)  rather  than  horizontally  (as  30  feet  of  cord 
parallel  lo  the  floor).  Diazinon  and  parathion  are  the 
insecticides  of  choice  in  commercially  prepared  fly 
eords  which  have  been  labeled  for  installation  in 
milking  barns,  calf  sheds,  pouhry  houses  and  feed 
rooms.  Diehlor\ os-resin  strips  have  been  used  as 
residual  fumigants  in  fly  control,  giving  off  a  lethal 
dose  of  dichlorvos  vapor  lor  periods  as  long  as  3  to  4 
momhs  when  used  ai  a  rate  ol  one  unit  per  1000  cubic 
leer.  In  Georgia  dichlorvos  resin  strips  gave  95  per- 
cent reduetion  of  all  flies  trapped  from  garbage  pits 
Iwiih  a  diameter  ol  about  30  inches  and  72  inche* 
deep)  in  a  recreational  area  when  installed  at  a  rate 
ot  one-halt'  to  one  unit  per'ptt.  Dichlorvus-resin  strips 
have  also  provided  effective  control  ot  flic*  in  indoor 
areas  with  minimal  ventilation  when  used  at  a, rate  of 
one  unit  per  1000  cubic  feel,  They  should  not  be  used 


in  rooms  where  infants,  sick,  or  aged  persons  are  con- 
fined, or  in  areas  where  food  is  prepared  or  served. 

Larvleidmg.  Larvtcidingfor  the  control  of  domestic 
flies  has  never  been  very  successful.  One  of  the  real 
problems  is  adequate  penetration  of  the  breeding 
media  (as  garbage  or  manure)  so  that  the  chemical 
actually  comes  in  contact  with  the  larvae.- However, 
new  developments  such  as  the  use  of  Senile  hor- 
mone chemicals  may  make  this  type  of  control  more 
productive.  Some  workers  have  attempted  to  atta- 
che chemical  makeup  of  the  breeding  media  so  that, 
although  the  females  lay  eggs  in  it,  the  larvae  do  not 
reach  maturity.  The  traditional  example  is  the  addi- 
tion of  borax  to  manure  to  retard  fly  breeding.  Such 
treatment  makes  the  manure  unsuitable  as  fertilizer. 
Chloride  of  lime,  used  to  deodorize  privies,  is  a  poor 
iarvicide.  Some  chemicals  which  have  shown  promise 
as  larvictdes  are  diazinon  (0,5%  to  1%),  dimethoate 
(\.Q%  to  1,25%,  and  dichlorvos  (0.596  to  1.0%).  In 
garbage  cans  the  addition  of  2  ounces  of  paradichJoro- 
benzene  every  week  or  two'is  effective.  SmalJ  pieces 
of  dichlorvos  resin  strip  placed  in  special  holders  in 
garbage  cans  have  given  good  control  of- domestic 
flies  for  2  to  3  months  or  Longer 

Repellents.  Repellents  are  coming  into  more  and 
more  use  to  (I)  keep  flies  away  from  animals,  and 
(2)  keep  flies  away  from  doors  of  food  service  estab- 
lishments, Livestock  smears  and  sprays  commonly 
used  contain  oil  of  cloves,  safroh  pin  otK  camphor, 
or  tabutrex>  Diethyltoluamide  is  an  excellent  fly  repel- 
lent for  human  use  and  will  repel  mosquitoes,  ticks, 
and  mites  as  well.  Several  proprietary  materials  are 
available  for  use  as  fly  repellents  around  food  service 
establishments,  providing  they  are  authorized  for 
this  use* 

Fly  Attraclanti.  Atiractants  have  been  used  to  a 
limited  extent  to  attract  flies  to  specially  treated 
breeding  media.  This,  however,  has  been  found  to 
have  little  use  in  most  large  control  programs.  The 
addition  of  new  synthetic  lures  to  dry  organophos- 
phate  fly  baits  offers  promise  of  success  in  controlling 
domestic  Hies  and  eye  gnats.  Sticky  fly  paper,  once 
widely  used,  has  fallen  into  general  disuse  as  it  is 
unsightly  and  only  serves  to  attract  ■  ~  flies  than 
would  ordinarily  be  present. 


Exercises  (626>: 

L  Match  the  chemical  control  measures  for  tiles  in 
column  A  with  the  statements  in  column  B. 


Ctrtumn  A  Ctiiumn  S 

KtfMtiuu]  *ipra>s  a.  Thr   installation   (it  inscsclicide- 

FK  bail*  impregnaied  cotton  cords  at  a  rue 

Space  *ipMYt  L?t  30  Linear  teet  of  cord  per  100 

f-  Is  cords  and  square  tcct  ot  iltior  ^paec  has  pro- 

tcmh  straps  tided  goud  lly  control  in  stables. 

L.jmcidmjs  h   The  housefly  has  developed  re- 

Kcpdkm*  Mtfanrt  to  many  i>£  the  chlorinated 

H>  atiraciant*  hydrocarbon  and  organophosphate 
iroecticidoi,  and  these  treatments 
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are  of  hiilc  value  in  controlling 
ih  is  species, 
c.  One  ot  the  real  problem*  u  adc- 
quai?  penelraliun  of  the  breeding 
media, 

d  Livestock  smears  and  sprays  com- 
<  momy  uied  contain  oit  of  cloves* 

tfiJioL.  pine  oil.  camphor,  or  labu- 
(rex 

e.  Pry  baits,  generally  contain  L  to  2 
percent  of  ihc  insecticide  and  an 
aiiractani  such  as  !>ujpr. 

t,  fhey  do  nul  provide  a  residual 
deposit  of  the  toxicant  and  must 
be  repeated  periodically, 

g.  This  has  been  found  to  have  little 
u^c  in  most  large  control  programs. 

2  Complete  the  following  statements  concerning  the 
chemical  control  of  flies. 

I>  For  many  years,  residual  sprays  were  one  of  the 

major  method  of  controlling  . 

2,  Fur  outdoor  application,  the  addition  of  sugar 

helps  to  , 
3  Liquid  bails  generally  contain  0.1  to  0.2  per* 

□f  the  insecticide  and  as  an  

 dissolved  in  water. 

4.  Dichlorvo*  strips  give  off  a  lethal  does  of  vapors 
for  periods  as  long  as  months. 

5.  Larviciding  for  the  control  of  domestic  flies  has 


ft.  Several  proprietary  materials  are  available  for 
use  as  fly  repellents  around  . 


627,  Complete  the  statements  that  are  provided  con- 
cerning integrated  fly  control  programs. 


Integrated  fly  control  takes  the  principle  of  environ- 
mental sanitation  and  supplements  it  with  the  use  of 
biological  agents  and  the  judicious  use  of  insecticides. 

Since  most  fly  control  requires  the  cooperation  of 
the  entire  base,  education  is  the  number  one  require- 
ment of  a  good  program.  It  begins  with  a  realization 
of  the  problem  by  responsible  individuals,  extends 
through  the  orientation  of  officials,  and  reaches  its 
fruition  in  the  education  of  all  people  on  the  base. 
Fly  surveys,  to  determine  the  extent  of  the  problem 
and  to  guide  the  control  operations,  must  be  made. 
Then,  efficient  and  effective  control  measures  must 
be  taken.  Additional  surveys  are  used  to  evaluate  the 
results  of  the  effort  andjioint  out  where  more  control 
measures  are  necessary. 

Once  a  high  degree  of  fly  abatement  has  been 
achieved,  a  continuing  program  is  necessary  to  main- 
tain the  gain,  Yet,  it  is  in  this  area  that  fly  control 
programs  most  often  fail.  When  flies  are  no  longer  a 
serious  problem,  group  interest  lags,  other  problems 
take  away  the  attention  of  officials,  and  the  flies  begin 
a  gradual  but  certain  return.  Organized  fly  control 
srtould  be  incorporated  into  l\e  regular  program  of 
every  entomology  section.  r 

i  *i 

Exercises  (627): 

1.  The  most  important  element  in  satisfactory  control 
of  domestic  flies  is  a  of  . 

2.  Since  most  fly  control  requires  the  cooperation  of 

the  entire  base,  education  is  the   "  

of  a  good  program. 

3.  Once  a  high  degree  of  lly  abatement  has  been 
achieved,  a  continuing  program  is  necessary  to 


4.  Or^ani/ed  fly  control  should  be  incorporated  into 

the  program  of  every  

section. 
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CHAPTER  3 


Fleas 


PLEAS  CARRY  DISEASE  in  many  parts  of  the, 
world.  They  carry  the  organisms  of  bubonic  plague 
and  flea  borne  typhus  from  rat;;  to  humans.  In  addi- 
tion, they  make  insidious  attacks  on  humans  and 
domestic  animals.  After  studying  this  chapter,  you 
should  know  the  names,  characteristics,  and  controls 
of  important  flea  species, 


3-1.  Characteristics  and  Habits 

Since  fleas  differ  in  their  hosi  preferences*  vector 
ability,  and  degree ol  association, with  human  beings, 
you  need  to  know  which  species  are  prevalent  in  order 
to  judge  the  possible  disease  significance  and  to  plan 
suitable  control  methods.  This  section  covers  the 
identifying  characteristics  and  the  habitats  of  the  im- 
portant flea  species.  But  first  let's  study  the  general 
characteristics  and  habits  of  fleas  during  each  of  their 
developmental  stages. 


62fl.  Indicate- whether  given  statements  pertaining  to 
the  general  characteristics  and  habits  of  fleas  are 
tni«  or  false;  correct  the  false  statements. 

Adults.  T-leas  are  small,  wingless  insects  varying 
from  I  to  9  millimeters  in  length,  averaging  2  to  4 
millimeters.  The  name  of  the  ilea  order.  "Siphonap- 
tera."  refers  to  their  method  of  feeding  through  a 
siphon  or  tube  and  to  their  lack  of  wings.  The  flea 
U'ig.  3-1)  is  comprised  laterally  with  spines  directed 
to  the  posterior*  features  which  adapt  it  for  .moving 
aboui  between  the  hairs  and  feathers  of  mammals 
and  birds.  Most  species  move  about  a  great  deal  and 
remain  upon  the  host  only  part  or  the  time  to  obtain 
a  hlood  meal.  The  mouthparts  consist  chiefly  of  three 
sKlcis  that  are  used  to  penetrate  the  skin  of  the  host* 
and  form  a  trSe  for  sucking  bjood.  T-he  paired  maxil- 
lae, acting  as  cutting  organs,  enter  the  skin  with  the 
*:pi pharynx,  On  reaching  a  small  blood  vessel*  the  tip 
of  the  epipharynx  enters  the  lumen  while  the  maxillae 
Which  form  the  Salivary  canals  ►  remain  outside  emit- 
ting saliva  from  time  to  time.  Thus,  fleas  may  be 
characterized  as  capillary  feeders— a  fact  of  impor- 
tance in  transmission  of  pathogens.  Bofh  ^exes  feed 
upon  blood,  and  the  female  requires  a  blood  meal 


before  producing  eggs.  The  long,  powerful  legs  of 
certain  species  are  adapted  for  jumping  7  to  8  inches 
vertically  and  14  to  16  inches  horizontally. 

Most  species  infest  the  smaller  mammals*  such  as 
rodents,  rabbits,  moles,  and  bats.  Fewer  species  are 
parasitic  upon  larger  animals  and  birds.  Most  fleas 
are  specific  in  their  host  preference,  feeding  on  only 
one  type  of  host  (or  closely  related  species  in  the 
same  genus),  while  others  have  developed  an  ability 
to  feed  upon  various  hosts.  Fleas  are  very  sensitive 
to  extremes  of  temperatures  and  humidity.  This  ex- 
plains the  relative  abundance  of  fleas  infesting  ani- 
mals that  live  in  burrows  and  sheltered  nests  and  the 
light  infestations  of  fleas  on  mammals  or  birds  that 
have  no  permanent  abode  or  Jive  in  nests  exposed  to 
the  elements.  Nests  furnish  an  abundance  of  organic 
food  for  flea  larvae  leading  to  a  high  rate  of  survival. 
Fleas  infestingjburrowing  or  nocturnal  animals  tend 
to  have  poorly  developed  eyes,  or  eyes.may  be  absent. 
Those  infesting  animals  active  during  the  day  are 
more  likely  to  have  well-developed  eyes.  Some  fleas 
feed  at  frequent  intervals — once  a  day  or  more  often. 
They  are  easily  disturbed  and  seldom  complete  a  meal 
at  one  feeding.  The  human  flea* continues  feeding 
after  the  digestive  tract  is  gorged,  causing  the  passage 
of  undigested  blood  from  the  anus. 

Adults  are  usually  ready  to  feed  in  24  hours  after 
emergence  from  the  cocoon.  Mating  usually  follows 
the  initial  blood  meal  and  usually  occurs  on  the  host 
animal.  Fleas  have  a  complete  metamorphosis  as 
shown  in  figure  3L2. 

Eggs,  Eggs  are  usually  deposited  among  the  hairs 
or  feathers  of  the  hoit  or  in  the  nest.  They  are  smooth, 
spherical  to  oval,  tight  colored,  and  large  enough  to 
be  seen'with  the  naked  eye.  Since  they  are  not  sticky 
or  attached  to  the  host,  the  eggs  drop  onto  the  ground 
or  into  the  nest  or  bedding  of  the  host*  a  factor 
port  ant  in  explaining  the  later  high  concentration  of 
adult  fleas  in  dog  or  cat  boxes  or  kennels*  and  enter- 
tain rugs  o'r  in  portions  of  a  building.  A  flea  doe;;  not 
lay  her  full  quota  of  eggs  at  one  time,  but  after  blood 
mtraLu  which  are  necessary  fop  development  of  the 
Cgg*s.  Successive  mating;*  are  not  necessary  for  the 
fertilization  of  future  eggs*  as  the  sperm  cells  from 
the  initial  mating  aije  .stored  in  the  spermaiheca  of 
the  femule  and  are.  used  as  required.  The  eggs  hatch  in 
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THORAX 


ABDOMEN 


ANTENNA 

EVE 

ocular  Bristle 
gen al  comb 

MAXILLARY  PALPUS— jf-1 

LABIAL  PALPUS 
MESOPLEURON 
COXA 
TROCHANTER 
FEMUR 
TIBIA 
TARSUS 
PLANTAR  BfftSTLES 


*NT  E  PYGtDl AL 
BRISTLES 

PYGlDlUM 


SPEflM ATM  ECA 
STERN  ITE 


Fiturc  1-1.  F-fca  d nigrum. 


2  days  to  several  weeks  depending  upon  temperature 
•dnd  humldin 

Larvae,  l.arwie  are  small,  13-se^mentcd,  wormlike 
creatures  without  legs  but  uith  chewing  rnouthparls. 
F tie  blind,  aeu\e*  ^rnttsh  flea  larvae  arc  often  found 
in  the  house  in  floor  cracks  and  rugs,  or  in  kennels, 
stables,  chicken  coops,  animal  burrows,  and  nests. 
J  he  Earvae  teed  on  all  upes  nt  organic  debris  or  tlea 
feces,  which  are  composed  oJ  mure  or  Jos.i  digested 
blood.  The  three  larval  stages  may  he  completed  in  a 
^cek  to  several  months. 

Pupae.  Pupae  are  usualh  enclosed  in  cocoon.s  of 
finch  ^purr  encrusted  aah  granules  of  sarnj  or 
various  types  ot  debris.  The  pupul  stage  is  usually 


completed  quickly,  but  the  newly  formed  adult  may 
remain  resting  within  the  cocoon  trom  which  it 
emerges  on  stimulus^  defending  on  the  species,  Cat 
fleas  emerge  in  response  either  to  vibrations  or  carbon 
dioxide  which  would  indicate  proximity  to  a  host. 
This  luctor  may  help  explain  the  large  number  of 
hungrv  cat  fleas  that  attack  people  returning  home 
after  an  absence  of  several  weekv  Certain  wild 
rodent  fleas  emerge  in  response  to  an  increase  in 
humidity  which  may  occur  only  once  a  year  in  some 
desert  areas, 

Exercises  (62S): 

I.  Pbce  an  X  in  each  blank  bv  a  true  statement. 


EGG 


4? 


AC'ULT 


9 

ERLC 
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:l  Hens  arc  small,  winged  insects. 

b,  Mmt  Jh-as  remain  on  ihe  host  onJy  part  of 
the  time. 

e,  Fleas  arc  characterized  as  capillary  feeders, 
d,  Fleas  are  not  very  sensitive  lo  extremes  of 
temperature  and  humidity, 

c.  Some  fleas  feed  at  1'requeni  intervals. 

L  Adult  fleas  are  usually  ready  to  feed  in  6 
hours  after  emergence  from  the  cocoon. 

g.  A  Ilea  lays  her  full  quota  of  eggs  at  one  time, 

h.  The  three  larvae  stages  may  be  completed  in 
a  ueek  to  several  months, 

i.  The  pupal  stage    usually  completed  quickly. 


650.  Match  a  list  of  flea  species  with  appropriate 
descriptive  statement*. 


1  Correct  nnv  ol  the  false  statements  in  exercise  J, 


629,  Complete  the  statements  that  are  provided  con- 
cerning.important  aspects  of  fleas  that  are  used  ex- 
tensively in  identification  to  species. 


Mom  of  the  important  character] sties  of  fleas  are 
shown  and  labeled  in  figure  3-1, 

fienal  Comb.  The  presence  or  absence  of  ^enal 
combs  is  a  quick  way  to  identify  certain  flea  species, 
ll  genal  combs  are  present,  the  number  of  teeth  con- 
tamed  on  the  genal  comb  and  the  position  of  the  comb 
are  other  significant  identifying  characteristics. 

Pronotal  Comb.  The  presence  or  absence  of  prono- 
tai  comhs  is  an  important  identifying  characteristic 
ol  certain  flea  species.  Some  flea  species  are  identi- 
fied by  the  presence  of  the  genal  comb  and  the  ab- 
sence of  the  pronotal  comb^  of  vice  versa,  and  some 
may  have  neither  or  both, 

Other  Characteristics.  I  he  shape  of  the  head, 
length  ol  the  labial  palpi,  position  oi  the  ocular 
brittle,  number  and  position  of  the  plantar  bristles, 
and  shape  oi  the  spermatheca  in  lemule  specimens 
arc  also  used  extensively  in  trie  identification  of  flea 
speciev 


Exercises  (629)1 

1  11  a  comb  is  present,  the  numher  L>f 

ti-eth  on  the  genal  comb  determined. 

2  I  he  shape  of  the  ,  length  the 

lahi:tl  ,  position  ot  the  

hnsite.  number  and  position  ol  the  plantar  .  

 .  .tnd  shape  ot  the  in  female 

specimens  are  al^o  used  extensively  in  ihe  idvnli- 
ficuinn  ill  the  flea  species 

*  Some  Ileus  are  identified  h\  ihc  presence  or  ab- 

-,e*nee  ol  the  Comh  and  [he     

 Comb. 


Oriental  Hat  Flea.  The  oriental  rat  Hea  (Xenopsylta 
cheopis)  is  the  chief  vector  of  bubonic  plague  and 
fleaborne  typhus,  This  insect  was  first  collected  in 
the  Nile  Valley;  hence,  the  species  name  "cheopis" 
for  Cheops,  the  Pharaoh  who  constructed  ffte  Great 
Pyramid  at  Giza>  The  oriental  rat  flea  has  been  in- 
troduced into  all  sections  of  the  world  with  Norway 
and  roof  rats.  The  flea  is  established  throughout  most 
of  this  country,  being  one  of  the  most  abundant  rat 
fleas  in  the  South  and  in  southern  California. 

The  oriental  rat  fleas  do  not  have  a  genal  or  prono- 
tal comb,  the  ocular  bristle  is  in  front  of  the  eye,  and 
the  mesopleuron  has  a  vertical  rodlike  thickening 
(see  Appendix  By  Females  can  be  recognized  easily 
by  the  pigmented  s  per  math  eta.  This  flea  is  the  only 
species  in  the  Untied  States  that  has  a  dark-colored 
spermatheca.  This  feature  is  often  of  great  value  in 
making  a  quick  identification  of  survey  material  col- 
lected in  alcohol  or  saline  water  without  making  a 
slide  preparation  of  the  specimen.  The  life  cycle 
varies,  being  completed  in  as  few  as  4  to  8  weeks. 
Adult  oriental  rat  fleas  may  live  for  2  to  4  weeks,  de- 
pending on  the  temperature  and  relative  humidity, 

Human  Flea.  The  human  flea  (Puiex  irrhans)  is 
found  throughout  the  warmer  parts  of  the  world.  It 
/is  the  most  important  species  attacking  humans  on 
the  Pacific  coast  and  is  often  responsible  for  a  derma- 
titis or  allergy, due  to  flea  bites.  It  also  causes  severe 
annoyance  in  the  Middle  West  and  South,  particularly 
in  homes  and  surrounding  premises.  On  farms  severe 
infestations  of  human  fleas  have  often  been  traced  to 
hogpens,  where  these  insects  have  persisted  for  weeks 
or  months  after  the  hogs"  have  been  carried  off  to 
market.  The  human  flea  attacks  a  wide  variety  of 
hosts  including  swine*  dogs*  coyotes,  prairie  dogs, 
ground  squirrels,  and  burrowing  owls.  This  flea  has 
been  collected  on  these  last  four  hosts  in  areas  remote 
trom  human  habitations.  The  human  flea  has  been 
experimentally  infected  with  plague  and  shown  to  be 
capable  of  transmitting  the  bacteria  in  the  laboratory1- 
The  human  flea  can  be  distinguished  from  other 
common  United  Stales  fleas  by  the  absence  of  the 
pronotal  and  genal  combs,  the  ocular  bristle  being 
inserted  beneath  the  eye,  and  the  absence  of  the  in- 
ternal, rodlike  thickening  on  the  mesopleuron  (see 
Appendix  BV  A  second  species  of  Pulcx  fPulex 
simuiam)  occurs  in  the  central  and  southwestern 
United  States  and  in  Central  and  South  America. 

Northern  Rat  Flea,  The  northern  rat  flea  (Nosop- 
syttus  fascimus)  is  commonly  found  on  domestic  rats 
and  house  mice  throughout  North  America  and 
Europe.  This  flea  is  not  abundant  in  areas  having  an 
extremely  warm  climate,  It  does  no'  readily  bite 
humans  and  is  most  commonly  found  in  temperature 
regions,  where  plague  is  not  a  suactc  problem,  U  is 
the  predominant  rat  flea  in  the  northern  United  States 
and  is  well  established  in  Canada.  This  species  may 
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be  oJ  unpomnee  *n  transmission  of  pJaguc  organisms 
Imni  rut  to  rut,  |i  has  been  taken  from  wild  rodents 
on  ;i  lew  occasions,  In  1971,  specimens  of  the  north- 
ern rut  Ilea  were  lound  injected  with  plague  bacteria 
jn  the  lacoinji  urea  area  at  Washington,  See  Appen- 
dix B  tor  a  description  of  ihe  northern  rat  flea. 

Dog  and  Cat  Fleas.  I  hc  dog  lieu  (Ctvnocephalides 
nuns)  and  cat  flea  {Ctenwephtiiides  Jeit\\}  probably 
occur  throughout  the  United  Simes.  although  ihey 
are  less  common  in  ihe  Kooky  Mountain  States.  The 
cat  Ilea  seems  to  bt:  moje  abundant  and  generally 
distributed  than  Ihe  dog  fleas. 

The  head  is  abom  twice  a>  long  js  high  in  the  cai 
flea,  while  it  is  only  about  as  long  a>  high  in  the  dog 
Ilea.  In  addition,  the  Ironi  margins  of  the  heady  of 
ihese  two  species  have  different  shapes.  The  angle 
j.s  more  acute  in  the  cat  flea  than  in  the  dog  Ilea,  In 
most  cut  fleas  ihe  first  and  second  teeih  ol  the  genal 
comb  are  approximately  equal  in  length,  while  in 
t>pieal  dog  fleas  the  first  100th  is  shorter  than  the 
second  fsee  Appendix  B),  The  dojg  ilea  has  two  stout 
bristle*  between  the  long  postmedian  and  apical 
briMle  on  the  hind  margin  ol  the  hind  tihia.  while  the 
eat  Ilea  has  only  one  bristle  in  ihU  posinon. 

Both  species  are  found  commonly  jn  homes,  under 
houses,  or  m  yards,  preferring  locations  where  dusi 
and  organic  debris  accumulate-  These  fleiis  attack 
cats,  dogs,  and  a  wide  \ariety  of  other  mammal^  such 
as  foxes,  raccoons,  rind  rats.  They  are  serious  pests 
ot  human*,  particularly  during  ihe  summer,  causing 
%cvere  bites.  Under  lavorable  conditions,  a  generation 
L>t  i he  cut  Ilea  require  about  2  to  4  days  for  the  eggs, 
H  to  24  days  tor  the  larvae,  and  five  to  stven  days  tor 
the  pupae  to  develop. 

Chigoe  Flea.  The  Chigoe  Ilea  (Tungc  penetrans) 
is  a  Mfiuil.  burrowing  Ilea  tound  in  ironical  and  suh- 
uopieal  regions  in  North  attd  South  America,  the 
West  Indies!  and  Atriea,  It  is  not  known  to  have  be- 
come established  in  Ehe  United  States.  The  Ilea  is 
unusual  in  that  the  female  actually  burrows  into  or 
becomes  embedded  in  the  vkm  of  the  host-  Engorge- 
! Merit  ^  nb  blood  and  the  development  of  eggs  cause 
gr^at  detention  ot  the  Ilea  abdomen.  People  are  most 
frequently  attacked  between  the  toes  or  Under  the 
toenails,  where  the  flea  may  swell  to  the  si/e  of  a 
small  pea  and  cause  se\erc  pain,  Inflammation  and 
tormauon  ot  ylccrs  may  result.  Secondary  infection 
ma>  cause  tetanus  or  gangrene. 

Stick  tight  Flea,  The  sticktighi  flea  (Enhhh\t^*haga 
%aHinacea/  is  a  small  species  that  has  no  genal  or 
pronotal  comb*  hut  the  front  margin  of  the  head  is 
angular  It  attaches  tirmh  eo  its  host  during  the  adult 
stuge.  olten  tnrming  uleers  on  the  head  and  neck  ol 
domestic  toys!.  The  eggs  are  deposited  in  these  ulcers 
.ind%  alter  hatching,  the  larvae  crawl  out  and  drop  to 
the  ground  m  leed  upon  organic  matter.  All  stages 
inai  be  Jound  in  poultry  yards  and  adjacent  build ines. 
Ibis  Ilea  attack^  rats,  cats,  do^s,  rabbits,  ground 
sqmrreK.  horses,  tnwl,  and  maEiv  hur  arunjah,  in- 
cluding hnrnans.  Thi^  flea  has  been  lound  niteetcd 
with  plague  and  can  be  mleeted  with  tltiabome  typhus 


ndceitsia.  This  Ilea  plays  a  minor  role  in  disease 
transmission  because  the  females  remain  permanently 
fastened  to  one  host  by  means  of  their  serrated 
mandibles. 


Exercises  (630): 

Match  column  A  with  column 


B, 


Column  A 
itJertttfyittft  C}tdrat'ti>ttxtui 

1.  ImpLinani  in  ininMnivsiun  ul 
plague  k>r^nibmb  from  rat  ut 
rat, 

2.  Small,  bilirubins  Ilea  found  in 
trnpical  regions. 

}.  tJ^  not  hj\e  a  gvnal  ur  prnnoLal 
vomb  and  the  mi-Miplcurun  bus 
vertical  rodhkc  chickening. 

4.  Occurs  throughout  the  Llmied 
Slates. 

5.  Respunsiblc  k?r  dermatitis  or 
jlkr^y, 

h,  KrnaLe   remains   per  ma  nun  L  J  v 
listened  eu  the  hi»i  bv  m^ans 
nt      rated  mundibtas 
ht;mal*r\    rvco^ni/ed    by  pig- 
nu;ni«d  ^jK"imuih<;ca, 
H   f>»  not  havi?  d  genu  I  or  rrrtinoliiJ 
Citmb  \tr  rtnllike  ^hick^ning  tin 
mtiv>picurim, 
^  \jji  jhunUanr  jn  jreus  h;ism# 
cxticmclv  ^iirm  dirndie. 
PiHind  tommanlv  in  hnmc%  and 
prater  UicjltD^  ^htfrt"  duM  And 
organic  di;bo>  a^tuinuhi^ 
^L-m^^  become  embedded  m 
the  \kin  Lit  ihe  hnsl- 
I  2   lXlpnsits        in  ule^,lr^ 


j.  Oriental  rat  lira 
h,  Human  Hea 

Northern  rat  lieu 
d.  Oi>g  and  cal  Ilea 
c.  Chi^>c  Ilea 
L  Slicktight  Oca 


J  J 


3-2*  Surveys  and  Control  Measures  \ 

Evaluation  survevs  iire  essential  operations  in  lhev 
control  of  fleaborne  diseases.  There  arc  two  types  of 
control;  pest  flea  control,  and  control  of  rodent  fleas 
lor  disease  p^emion. 

63L  Complete  given  statements  concerning  the  pur- 
pose and  methods  of  conducting  rndent  ectoparasite 
surveys. 


Surseyii  mu>  ui\ol\e  samphniz  ol  a  population  of 
rat>  u\  learn  ihe  reliiii\e  at>undanee  ol  Norway  and 
root  raw  in  ihe  locality,  particularly  animals  infected 
with  plague  or  tlcabornc  tophus,  Another  type  of  sur- 
vey measures  the  ectoparasite  population  of  rats  to 
determine  whether  or  not  the  oriental  rat  flea  is  preva- 
lent h  is  also  possible  to  determine  Ehe  ineidenee  o[ 
lleahL>rne  nphus  in  the  rodent  re^en oir  by  means  ol 
complement  hxalion  or  Weil-Felix  tests  of  rut  blood, 
.md  t»l  plague  b\  eulturinj!  certain  tissues,  such  ;is 
:hc  spleen.  "The  above  lApe^  ol  inlomiation  are  gen- 
erally recorded  lor  e;ich  lot  of  rats  trapped. 
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Survey  Method*.  The  usual  surscy  method  lor  de- 
termining the  number  of  parasites  per  rat  und  the 
percentage  oi  rats  infe.sled  by  oriental  rai  ilea*  re- 
quires the  trapping  of  live  ruts  at  numerous  pomes 
in  the  survey .eily.  The  ruts  are  trapped  in  #0  steel 
try  p%  und  placed  'immediately  in  individual  cloth  buys 
to  prevent  ih^escupe  of  Ileus  und  other  ectoparasite^ 
I  hey  are  h/ougbt  10  ihe  laboratory  in  these  hags, 
which  ure  labeled  In  show  the  date,  trapper,  species 
and  sex  tjt  ral.  locality,  and  other  information,  The 
ruts  are  anesthetized  und  combed  with  a  tine-toothed 
comh  in  order  thai  the  purasites  muy  be  collected  in  a 
targe  white  pun.  These  parasites  are  Liter  identified, 
eounted,  und  recorded  along  with  the  rat  number 
and  other  information  on  the  trapped  rat.  It  is  then 
possihi;;  to  determine  the  number  of  orientul  rat  fleas 
per  rut  and  the  percentage  ot  ruts  infested  hy  the  flcusr 

The  ectoparasite  survey  indicates  the  degree  of 
inlestution  hy  oriental  rat  fleas  und  other  ectopara- 
sites, und  hence  the  potential  danger  of  transmission 
ol  mdentborne  disease,  should  it  be  present  in  the 
rodent  population, 

Surseys  made  before  jnJ  at  intervals  alter  dusting 
programs  measure  the  effectiveness  and  duration  of 
the  control  operation.  Surveys  are  made  in  planning 
a  sector  control  program  in  order  to  determine 
whether  ur  not  dusting  operations  arc  necessary.  This 
L>pe  ot  survey  plus  the  information  obtained  from  tab- 
ulation ol  the  incidence  of  disease  in  humans  and 
domestic  ruts,  furnishes  husic  inlormation  tor  an 
epidemiological  study  of  trie  disease. 


Exercises  (631): 

\    Rats  are  trapped  in  tfO    traps  and 

placed  in  individual  cloth  to  prevent 

the  escape  ot    and  other  eMopa/a- 

MtCv 

2.  1  he  rats  ure  combed  with  a   comh 

so  thai  ihe  parasites  ean  he  collected  in  a  lartzc 
sshite  pun. 

*    ]  he  eeE^pfiraMie  vorvey  indicates  the  degree  ot 
mtcsiation  by  . 

632.  Complete  given  statements  concerning  the 
method*  used  in  controlling  pesf  fieas  on  pefs  and  on 
premises. 

Control  of  Pest  Fleas  on  Pets  and  Premises.  Pest 
flea  control  mas  be  disided  into  two  main  cutcgorio.: 
amtr  il  ol  pest  fleas  L^n  pet>>,  primarily  cats  and  dogs, 
and  control  of  pest  tlcas  on  premises.  The  prinapjl 
approach  to  control  is  through  insecticides  Insecti- 
cides for  the  control  ot  tlcas  on  pets  or  inside  build- 
ings arc  Usually  less,  toxic  and  ure  used  at  a  lower 
concentration  than  those  applied  outside  buildings, 

With  eat  and  dog  tlcas,  reinlesLUjon  tLL  occur 
\silhin  a  ^hort  period  ol  time  unless  thorough  control 
procedures  arc  carried  on,  Simultaneous  treatment 


of  both  hosts  and  premises  gives  a  much  better  chance 
Tor  economical  und  quick  control  thun  either  ulonr. 
Thus,  if  £j  ciil  or  dog  is  treated  to  k*!J  a  Ilea  infestation, « 
it  will  soon  become  heavily  Infested  again  unless  all 
neurhy  Ilea  breeding  sites  are  treated  It  is  necessary  1 
to  know  the  habits  ot  the  animal  in  order  that  its 
lavorite  resting  places  will  be  known.  A  Trent  me  nt  of 
(he  infected  animal  pltis  a  complete  coverage  of  aJl 
breeding  sites  is  much  more  effective  than  weekly 
treutments  of  the  animal  ulone. 

Control  of  pest  Jleas  on  pets.  Control  of  cat  and 
dog  fleas,  the  usual  species  found  on  pets  or  in  build- 
ings, can  be  accomplished  with  a  number  of  insecti- 
cides, The  insecticides  of  plant  origin,  applied  as 
dusts  are  sale  to  use  on  cats,  kittens*  puppies,  dogs, 
and  other  domestic  animuts:  however  muke  sure  that 
the  presticide  is  rccommented  for  that  use. 

All  insecticidal  dusts  should  be  applied  to  the  fur 
with  a  shaker,  or  by  hand,  and  rubbed  in  to  give  a 
complete  treatment,  Avoid  getting  the  dust  into  the 
eyes,  nostrils^  and  mouth  of  the  animal.  Also,  avoid 
making  heavy  applications  to  the  abdomen  as  the  ma- 
terial will  be  licked  off  by  the  pet.  Start  the  applica- 
tion above  the  eyes  on  the  head  and  eover  all  areas 
backward  to  the  tail  and  haunches*  being  certain  to 
treat  thoroughly  around  the  ears  and  underneath  the 
forelegs.  A  tablespoon  of  dust  will  treat*  a  small  ani- 
mal, while  as  much  as  an  ounce  will  be  required  for  a 
large  dog,  Frequently,  following  the  application  of 
insecticidal  dusts,  fleas  become  extremely  active  and 
make  cats  and  dogs  most  uncomfortable  for  some  time. 

Resin  collars  containing  dichforvos  are  (aheled  for 
use  on  dogs  (except  whippets  and  greyhounds)  and 
on  cuts  (except  Persian).  They  provide  protection 
usually  for  2  to  3  months.  These  resin-dichlorvos  col- 
lars should  be  used  with  cure  since  some  animals 
show  individuul  sensitivity  to  the  insecticide.  Cotton 
Ur'chbing  collars  impregnated  with  0.75  to  1.0  percent 
lindane  may  be  used  on  either  dogs  t>r  cats, 

A  relatively  new  development  in  the  control  of 
tlcas  and  other  ectoparasites  on  dogs  is  the  use  of 
one  of  tne  less  toxic  organic  phosphorous  insecticides, 
ronnel  or  inchlorofon*  as.  a  systemic  insecticide.  Pills 
containing  ronnel  are  sold  and  fed  eo  the  animal  only 
hv\  or  on  the  order  of,  a  licensed  veterinarian. 

Cunt  ml  a/  pest  fieax  on  fiwmises.  For  effective 
control  of  fleas,  the  treatment  of  the  animal  should  b? 
supplemented  by  insecticidal  applications  to  the  pre- 
mises, Special  attention  should  he  given  to  the  resting 
places  ot  the  animal,  where  the  Ilea  eggs,  larvae, 
pup;ic  and  aduits  arc  most  abundant.  Flea  infestations 
may  he  greatest  in  dog  kennel*  and  bedding  rugs, 
under  porches,  and  similar  resting  places.  Where 
□o^sihle,  the  animal's  bedding  should  be  laundered  in 
hoi,  soapy  water,  or  burned,  A  vacuum  cleaner  may 
be  used  to  remove  jccumulations  of  [int  and  dust  that 
etiiUain  fk:a  larvae  and  pupae.  Then  ihe  infested  pre- 
mises mas  he  treated  wuh  a  residual  insecticide  such 
as  2  percent  malathion.  or  I  percent  mnncL  at  a  rate 
ot  ahout  1  gallon  per  1 0(H)  square  feet  ol  floor  surlace. 


fie  nutl-  to  read  the  pesticide  label  lo  see  it  the  pc>ti- 
ci Jc  can  he  used  lor  the  purpose  intended,  A  number 
ol  laeturs  will  influence  ihe  choice  ol  material  and 
type  nt  lormutaunn  to  he  used  lor  indoor  applications, 
particularly  odor,  tire  ha/ardi  possibility  ol  siaining, 
and  list  ol  ihe  treated  area, 

liuMai  may  also  be  used  jn  Controlling  flttis  inside 
buddings,  particularly  minimal  boxes  or  bedding*  base- 
ments, and  other  situation*  where  the  whitish  dis- 
coloration Irom  powders  is  not  objectionable.  Dusis 
lire  Irequently  blown  under  porches,  the  crawl  space 
under  homes,  in  attics,  and  parages, 

In  many  place*  in  the  1'nned  States,  especially  in 
the  South  and  West,  yard  mJestatioris  ol  fleas  ollen 
are  a  real  problem.  Sanitation  is  j u%t  as  important 
in  ilea  control  as  in  other  liejds  ol  vector  eontruL 
AmmaJ  manure  and  debn.s  should  be  removed  from 
pens  and  yards  where  fleas  may  be  developing. 

h>r  insecticidal  treatment  of  lawns  and  yards, 
ij usis  tir  suspensions  are  frequently  used  in  preference 
10  emulsion*  or  solutions,  Wcttable  powders  and 
dusO.  arc  stile  on  shrubbery- and  grass  and  have  a  long 
residual  action,  but  they  Leave  u  light -colored  deposit. 
1  he  dusts  iire  frequently  iwiee  as  strong  as  the  sprays, 
fimulsions  containing  these  insecticides  may  be  used 
in  yards  it  the  operator  is  certain  that  the  emulsions 
being  used  will  not  harm  ihe  plants.  Some  of  the 
uu.xiuar\  sokents  used  in  preparing  emulsion  con- 
centrates will  "burn"  I  tillage  or  grus.s.  The  u^e  ol 
solutions  (tn  \egetatinn  is  even  more  dangerous  since 
many  of  ihe  petroleum  sol\ents  are  known  to  be 
ph>t«toxie.  Care  should  be  taken  noi  to  release 
sprays  at  high  pressure  close  to  foliage  since  this 
ma\  also  damage  ^egctatmn.  Any  soil  or  lawn  areas 
ihai  require  treatment  should  be  *.cry  thoroughly 
>  i  talked 


Exercise*  {632): 

1    Pesi  Ilea  control  may  he  divided  into  two  main 

categoric*:  control  ot  pest  tleas  nn  . 

control  of  pesi  lleas  on  r 

Cat  and  dog  tleas  can  be  controlled  on  domestic 

animals  using  insecticides  of  origin 

applied  us  

All  msectiada!  dusts  should  be  applied  into  the  fur 
wtth  a  or  bv    and 


(i,  f-mulsiuns  may  he  used  in  yards  if  the  operator  is 
certain  that  emulsion  do  not  harm  the  _  . 


in  to  ±!He  a  complete  treatment. 


4   A  treuimcm  ot  the  inlested  animal  phis  a  complete 

coverage  of  all  site?*  is  mnre  elective 

Than  a ,  treatment  of  the  animal  alone. 

5.  Resin  collars  vnniaining  are  labeled 

lor  use  nn  dogs  and  cuts. 

t>  fills  eoniainmg  are  sold  and  ted  to 

aromals  only  by  u  licensed  veterinarian. 
Alter  animal  bedding  has  been  thoroughly  cleaned, 
the  inlested  premises  may  he  ircaied  uith  a  resid- 
ual rn^eencrde  such  as  2  percent   . 

nia>  be  used  in  controlling  lleas 


inside  buildings,  where  the  whitish  discoloration 
irom  po\sdefs  in  riot  ubieetion;ible. 


633.  Indicate  whether  given  statements  pertaining  to  ^ 
tit*  control  of  rodent  Dens  to  prevent  diseases  are  true 
or  false  and  correct  Ihe  false  statements. 


Cnntrol  of  Rodent  Fleas  For  Disease  Prevention. 

Control  of  rodent  tleas  lor  disease  prevention  may  be 
divided  into  two  main  categories;  control  of  rodent 
tleas  in  urban  areas  und  contrnl  of  rodcni  fleas  in 
rural  area.  Fho  roughness,  is  essential  iu  controlling 
rodent  Ilea*. 

Contrni  of  rodent  Jhas  m  urban  arens.  FIcjis  are 
the  most  important  vectors  of  plague  and  fleabarne 
typhus.  Outbreaks  of  both  diseases  have  been  con- 
trolled in  the  past  by  rat  killing,  rat  proofing,  anct  im- 
proved sanitation,  but  real  progress  in  the  control  of 
these  diseases  was  not  achieved  until  the  mid-40's 
with  the  advent  of  DDT  and  the  anticoagulant  rodent  - 
ieides.  In  ihe  early  campaigns,  cuntrol  measures 
started  outside  ihe  infested  area  and  worked  towards 
the  suspected  center  of  infection.  Today,  control  op- 
eration*, are  started  at  the  suspected  focus  and  work 
outwards, 

in  controlling  an  epidemic  of  plague  or  flea  borne 
typhus,  the  following  sequence  ot  control  operations 
ha-s  worked  in  a  number  of  areas; 

(1)  Surveys  to  determine  the  extent  and  intensity 
of  the  problem. 

[2)  Application  of  residual  insecticides  such  as 
malathion,  dta/jnonk  or  carbaryl  to  kill  the  infected 
tleas*  particularly  the  oriental  rat  Ilea. 

fj)  L'.se  ol  anticoagulant  rodemicides  such  a* 
warfarin,  Pival,  or  Kumarin. 

[4}  Rat  trapping,  poisoning  with  "one-dose" 
rodenhcides,  such  as  red  squill  or  /trie  phosphide, 
or  burrow  gassing. 

(5)  Improved  general  sanitation  to  keep  rodent 
populations  ai  ihe  lowest  possible  level,  paying 
particular  attention  to  refuse  storage,  collection  and 
disposal,  and  harborage  elimination. 

\b\m  Rodent  stoppage  or  rat  proofing. 

(7)  Continued  surveys  and  maintenance  to  prevent 
buildup  of  disease  potential. 

U  nder  the  current  concept  of  urban  control  empha- 
sis is  placed  on  residual  insecticides  and  aniicoagu- 
lant  radenticides,  plus  rat  trapping,  rode ntp roofing, 
jnd  improved  sanitation, 

The  application  of  residual  insecticides  at  the  sus- 
pected locus  ol  infestation  at  the  start  of  control 
acm  hies  places  emphasis  on  killing  the  infected  lleas 
as  quickly  'da  possible.  The  anticoagulant  rodent icides 
are  also  distributed  on  the  first  day  because  these 
compounds  do  not  kill  rodents  urtti/  thee  have  eaten 
those  materials  lor  several  consecutive  days.  It  is 
wisest  to  wait  at  least  2  or  3  day.s  bet  ore  rat  trapping 
tir  area  poisoning  with  "one-shot"  poisons,  such  as 
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red  squill  *ir  /me  phosphide,  so  that  [he  rodents  wan- 
dering about  treated  areas  can  pick  up  the  insecticide 
on  iheir  feet  or  iur  and  carry  It  mm  their  burrows  m 
kjJI  the  greatest  number  of  Hens  in  these  breeding 
places,  More  important,  as  the  rodents  are  trapped 
or  Lire  killed  by  rodentieides.  any  fleas  still  on  the 
rodents  will  he  killed  by  the  "blanker*  ol  insecticide 
foelore  they  can  bite  other  animals,  ineluding  man, 
decreasing  the  disease  hazard. 

Personal  protection.  You  may  obtain  relict  from  Ilea 
attack  when  going  into  a  heavily  infested  area  by 
treating  ankles  and  trouser  legs  with  dimethyl  phtha- 
late.  I  liis  will  give  protection  lor1  several  hours  against 
eat  and  dog  fleas.  Clothing  may  be  impregnated  in 
ben/yi  ben/oatc  to  prevent  flea  attack*  The  Depart* 
mem  tfl  Delense  has  recommended  the  use  cif  M  - 1960 
containing  N-butylacentanilide.  benzyl  benzoate,  and 
2-hutyl-2-ethyl-l,  3-propanediol  with  Tween  SO  as 
an  emulsifies  for  clothing  treatment— particularly 
the  trousers.  More  recently,  diethyltoluamide*  sold 
commercially  as  OFF  or  DEET.  has  shown  great 
promise  as  a  flea  repellent.  After  an  area  has  been 
dusted,  these  materials  are  no  longer  necessary. 
Insecticide  dusts  prevent  biting  almost  immediately, 
although  3  to  4  hours  may  be  required  for  complete 
mortality  of  dusted  fleas. 

Cunrrai  of /teas  aboard  aircraft.  The  possibility  of 
introducing  plague-infected  Jleas  into  the  United 
States  via  containerized  cargo  from  plague-endemic 
areas  has  led  to  investigations  of  suitable  chemical 
eonirol  measures,  Tests  conducted  on  the  use  of  one- 
hali  or  one  dichlorvns-resin  strip  in  **Conex"  shipping 
eontainers  (approximately  300  eubic  feet)  filled  with 
simulated  cargo  gave  9#  percent  to  100  percent  kills 
of  oriental  rat  fleas  on  rats  exposed  for  4K  hours  at 
temperature  vi  60J  r^  (15.6JT  C>  or  above,  Expo- 
sores  of  6  hours  at  temperatures  of  7KJ  F.  (25.76^  C.) 
to  S6-  R  ( 30.24c  Cj  in  empty  "Conexes'  gave  aver- 
age kills  of  90  percent  in  24  tests,  With- a  24-hour 
exposure  dt  temperatures  nl  75"  F.  <24.C*S°  C.)  to 
K.V  b.  ^2S.5o"  Cl  complete  kills  were  ohtaincd  with 
one-half  or  one  strip  in  empty  or  simulated  cargo 
filled  "Conexes"  Tests  in  Florida  with  dichlorvos 
indicate  thai  vapor  concent  rations  ot  0,25  microgram 
per  liter  ol  air  tor  1  hours  produced  complete  kills  ol 
oriLntul  rat  flea, 

r-'or  the  disinfection  ol  unoeeupied  aircraft,  high 
concentrate  micronized  dusts  ol  \anous  insecticides 
were  evaluated  in  cooperative  tests  hy  the  U.S.  De- 
partment ol  Agriculture  und  the  Center  for  Disease 
C  ontrol.  Application  of  micronj/ed  dusts  ol  64  percent 
prupoxur.  20  percent  1enthion*40  percent  Durshan  or 
2f>  percent  SBP  I3K2  jt  a  rate  of  2  grams  of  dust  per 
ItJOt)  cubic  teet  produced  complete  kills  of  oriental 
fleas. 

During  the  period  t*i45  to  l*JfiN,  10  pereeni  DDI 
dust  was  the  insecticide  "J  eh  nice  in  controlling  fleas 
dunnu  epidemics  ot  pJauuc  and  flea  borne  \  \  phus,  both 
in  the  United  States  anJ  overseas.  FJowever.  in  the 
L  nned  States,  applications  ot  DDI  dusi  to  rodent 
runuavs  ,ind  harborage  is  rum  recommended  only 


during  epidemics. .  With  the  present  restrictions  on 
the  use  of  DDT  and  other  chlorinated  hydrocarbon 
insecticides  irt  the  United  States,  and  the  problem  of 
DDT  resistance  in  many  parts  of  the  world  including 
Southeast  Asia,  other  insecticides  should  be  consid- 
ered tor  controlling  the  oriental  rat  fleas, 

General  sanitation  should  bejmproved  as  quickly, 
as  Ilea  control  is  achieved,  Men  working  in  the  area 
should  be  vaccinated  against  plague  or  murine  typhus 
and  wear  flcaproof  clothing  that  has  Seen  treated  with 
repellents,  such  as  M-I960  or  conventional  repellents. 
The  more  time-consuming  work  of  rodent  stoppage 
should  not  be  started  until  the  danger  of  contracting 
these  diseases  is  reduced. 

The  insecticide  dust  is  applied  to  rat  burrows,  tjoles 
in  floors  and  walls,  and  enclosed  spaces  that  fnay 
serve  for  rat  harborage.  It  is  especially  important  to 
treat  spaces  between  double  walls  and  floors  andP 
under  merchandise  where  there  are  rat  entries  be- 
cause the  danger  of  disease  spread  from  rodent  to 
man  is  most  severe  in  buildings.  Apply  the  dust  so 
that  there  is  no  contamination  of  food  with  the  insecti- 
cide* particularly  during  application  or  by  blowing 
or  tracking. 

Dust  patches  consist  of  a  layer  of  insecticide  dust 
around  a  rat  hole,  entryway*  burrow,  or  along  a  rat 
run  that  is  in  use,  The  thickness  of  the  patch  should 
depend  upon  the  amount  of  rat  travel  evidenced  by 
the  presence  of  rat  droppings  and  footprints,  It  may 
vary  from  a  thin  film  to  a  patch  1 ,  4  to  3/  8  inch  thick. 
Rat  entries  should  be  dusted  thoroughly  and  an  area 
6  to  8  inches  long  placed  on  the  narrowest  part  of  the 
runway.  Patches  on  stairways  should  completely 
cover  two  adjacent  stair  treads.  When  parasites  of 
roof  rats  are  to  be  controlled,  dust  alternate  spaces 
between  rafters  on  overhead  "swings/'  Rat  swing 
marks  are  usually  detected  by  their  dark  and  glossy 
appearance  because  the  rat  rubs  oil  from  its  fur  while 
swinging  beneath  rafters  or  traveling  along  a  plate. 
Dust  patches  should  be  placed  near  feeding*  watering, 
and  harboring  places  of  rats  and  other  locations  fre- 
quented by  these  rodents. 

Control  of  rodent  fleas  in  rural  areas.  The  control 
of  wild  or  commensal  rodents  (which  serve  as  a  reser- 
voir of  lleaborne  diseases)  and  of  their  ectoparasites, 
is  difficult,  expensive,  time-consuming,  and  often 
meets  with  public  apathy  or  disapproval 

In  controlling  plague  epizootics  in  the  western 
United  States,  the  application  of  2  to  3  ounees  of  5 
percent  earharyl  dust  per  burrow  has  given  good 
control  of  wild  rodent  fleas,  particularly  the  prairie- 
dog  flea.  One  treatment  usually  was  sufficient  to  elim- 
inate tleas  totally  in  a  treated  arezi  for  ut  least 
12  weeks, 


Exercises  (6331; 

L  Place  tin  \  in  Iront  ol  the  true  statements. 

^  .  a.  Fleas  are  the  most  important  vectors  of 

plague  and  fleabornc  typhus. 
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You  may  uhtain  rchel  Irum  lieu  utiuek  when 
&\nn%  into  a  heavily  infected  area  by  treating 
jnkles  and  inuiser  Legs  with  mrtnd. 
\\i  control  Ileus  aboard  uircraii  diehlurvos- 
roin  strips  have  been  usx'd  successfully. 
Hir  the  disinfection  oi  unoccupied  iiircruit 
use  microni/ed  dust  of  ft4  percent  propoxur 
Personnel  working  in  infected  areas  should 
be   vaccinated   against   plague  or  murine 
typhus. 


f.  The  danger  of  disease  spread  from  rodent  to 
man  is  most  severe  in  rural  ureas.  \ 


2,  Correct  liny  kilsc  statement  in  exercise  I. 
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^77 


Lice,  Ticks,  and  Mites 


LICE,  TICKS,  AND  MITES  have  been  with  us  for 
centuries.  Infestations  with  lice  occur  today  in  Che 
United  States  and  many  other  countries  despite  great 
efforts  to  maintain  high  standards  of  health.  Entomo- 
logy and  health  personnel  are  often  called  upon  if 
infestations  include  or  expose  large  groups  of  people, 
particularly'  in  those  areas  such  as  schools,  dormi- 
tories, hospitals,  and  child  care  centers. 

Ticks,  vicious  bloodsucking  pests,  are  important  to 
the  Air  Force  because  they  can  disrupt  a  mission  if 
they  are  allowed  to  contaminate  areas  and  infest 
people  and  domestic  animals.  Low  morale,  sickness, 
and  sometimes  death  are  the  result  of  increased 
population  of  these  pests. 

Mites  often  infest  foods,  stuffed  furniture,  and 
mattresses.  Some  of  the  larger  infestations  in  buildings 
result  from  invasions  by  rodent  mites,  bird  mites,  and 
clover  mites.  A  number  of  the  mites  discussed  in  this 
chapter  are  vectors  of  organisms  that  cause  diseases 
which  affect  people  and  their  animals;  others  cause 
dermatitis  and  allergic  reactions  in  humans. 


+  1.  Lice 

The  three  sucking  lice  that  infest  humans  are  the 
body  louse,  the  head  louse-  and  the  crab  louse,  The 
budy  louse  is  the  species  involved  in  epedemics  of 
lousebome  typhus,  trench  fever,  and  relapsing  fever, 
but  all  three  cause  pediculosis.  This  section  discusses 
the  medical  importance., biology,  and  control  of  these 
lice. 


634.  Mark  given  statements  pertaining  to  the  general 
characteristics  of  Hce  as  true  or  false  and  correct  the 
false  statements. 


Identification  and  Classification.  Sucking  lice 
belong  to  the  order  Anoptura.  These  wingless  insects 
are  flattened  dorsoventrally  (fig.  4-1)  from  top  to 
bottom  tike  a  pancake.  Adult  lice  have  mouth  parts 
consisting  of  three  stylets  modified  for  piercing  and 
sucking;  the  stylets  are  retracted  within  the  head  when 
not  in  use.  Their  Legs  r.re  short  and  stout,  with  a  large 
claw  on  one  or  more  ot  .the  three  pair  of  legs  for 
grasping  and  holding  onto  hairs.  The  eggs  of  lice  differ 


from  those  of  most  other  insects  because  they  are 
attached  by  cement  and  possess  a  distinct  cap  or 
operculum.  Females  are  usually  larger  than  males  and 
the  tip  of  the  abdomen  is  notched  or  bilobed.  Males 
have  the  tip  of  the  abdomen  rounded  with  the  some* 
what  cigar~$haped  genitalia  often  visible  through  the 
body  wall. 

Development.  Lice  have  three  immature  (nymphal) 
stages  which  resemble  the  adult  stage.  Most  nymphs 
differ  from  adults  in  having  fewer  hairs  on  their 
bodies,  fewer  sclerotized  plates,  and  in  being  sexually 
undifferentiated.  Lipe-are,  therefore,  good  examples 
of  insects  with  incomplete  or  gradual  metamorphosis, 
that  is,  insects  with  three  stages  of  life:  egg,  nymph, 
and  adult  (fig,  4-2). 

Host,  Most  sucking  lice  spend  their  entire  life  as 
ectoparasites  on  mammals  (exceptions  are  bats, 
marsupials,  certain  aquatic  mammals,and  carnivores 
exclusive  of  the  dog  family).  The  body  louse  is  a 
conspicuous  and  important  exception  because  it  rests 
on  clothing  except  when  feeding.  Sucking  lice  occur 
only  on  mammals,  never  on  birds,  reptiles,  or  amphi- 
bia. Each  species  of  louse  generally  feeds  upon  only 
one  species  of  host  animal  one  genus,  or,  more  rarely, 
one  group  of  mammals.  In  general,  closely  related 
groups  of  mammals  appear  to  be  infested  by  closely 
related  species  of  lice. 


Exercises  (634): 

I    Place  an  X  in  front  of  the  true  states  _;,ts. 
  a.  The  crab  louse  is  the  species  involved  in  the 

epidemics  of  lousebome  typhus  and  relapsing 

fever. 

  b.  All  three  types  of  sucking  licp  cause  pediculosis. 

  c.  Adult  lice  have  mouthparts  consisting  of 

three  stylets  modified  for  piercing  and  sucking. 
 d.  The  eggs  of  tice  are  smooth,  spherical,  and 

are  not  sticky. 
  e>  Most  sucking  lice  spend  their  entire  life  on 

mammals. 


2  Correct  any  false  statements  in  exercise  I. 


ALL   L£G$  ARE   ABOUT  THE  $AWE  LENGTH — 


ABDOMEN   ELONGATE   WITHOUT  HAIRY 
PROCESSES  LATERALLY 


BODY  LOUSE  AND  HEAD  LOUSE  c  PEorcuiuS  humanus  > 


FIRST   PAIR  OF  LEGS  SMALLER  THAN  SECOND 
OR  THIRD  PAIR  OF  LEGS 


ABDOMEN   SHORTER   WITH  HAIRY 
PROCESSES  LATERALLY 


CRAB  LOUSE    t  pmThirus  pubis? 


hiiiire  4- 1   C  Mvtitu'dticin  nl  hue 


635.  Identify  given  statements  pertaining  to  louse 
characteristics  as  applying  to  the  head  louse*  body 
louse*  or  hoth. 


The  bod>  louse  f  Priitt  ulus  humtinm  humanus /  and 
head  kmse  (Peduulus  humamis  w  **re  very 

vmilar  m  ^nch  other  physiologically,  bin  they  differ 
rnorpho logically  m  size,  proportion,  and  color-  They 
jImj  dltter  biologically  in  habits,  one  form  living  on  I  he 
hejd  and  neck  and  rhe  other  on  the  body, 

\dult  Identification-  The  adult  body  louse  is  2  to  4 
millimeters  Jong*  greyish  rthite  in  cofor.  and  is  gen- 
erally 10  to  20  percent  larger  than  the  head  louse 

The  head  louse  is  I  to  2  millimeter*  tang  and  is 
Lircysh  white  with  dark  muriziiis 

Visthitjt.  Adults  and  nymphs  of  he'dd  hec  arc  found 
m  the  hair  and  nn  the  scalp:  they  tend  to  be  most 


prevalent  on  ihe  back  of  the  neck  and  behind  the  ears. 
They, are  not  known  to  infest  eyebrows  or  eyelashes. 

Although  as  many  as  1000  body  lice  have  been 
removed  from  the  undergarments  of  one  person*  it  is 
more  typical  to  f  ind  less  than  10  lice  per  person.  Most 
of  ihe  lice  are  on  the  inner  surface  of  the  clothing,  ne*t 
to  the  skin.  Females  tend  to  congregate  ulorg  seams 
for  egg  laying.  Some  of  the  adults  tend  to  migrateaway 
from  the  skin  to  the  outer  garments  and  to  other 
persons.  Head  and  body  lice  can  move  fairly  rapidly 
and  will  pass  from  host  to  host,  nr  from  host  to 
bedding,  by  simple  contact. 

Tt  i1*  difficult  to  hud  human  lice  and  crab  fice  away 
Irom  humans.  Beds  occupied  every  night  by  unsanitary 
individuals  have  more  chance  of  being  infested.  If 
unoccupied  IV.-  several  nights\  they  tend  to  be  free  of 
hce\  Head  and  body  lice  may  be  acquired  by  personal 
contact  and  by  putting  on  intested  garments.  Head  Lice 


33d 


1ST  NYMPH 


2ND  NYMPH 


EGG 


Exerclaea  (635): 

Mutch  the  items  in  column  A  with  ihose  in  column  B, 


3RD 
NYMPH 


FEMALE 


MALE 


I  ijiuri;  40   I. iic  l\Ul*  -it  head  lnuve 

may  he  acquired  by  contact  with  upholstered  chairs 
jnd  by  using  infested  brushes  and  wmbs.  Hairs  with 
egg:*  iitlached  may  be  blown  ahout.  Lice  tend  to  leave *i 
feverish  patient  and  seek  other  hosts. 

Feeding  Habtls*  These  lice  depend  upon  human 
blood  us  a  mean*  of  life.  They  suck  blood  for  long 
periods  of  time,  but  they  do  not  ordinarily  become 
engorged  Some  individual  lice  feed  too  avidly, 
causing  rupture  of  their  digestive  system,  and  succumb 
because  of  their  greed.  During  feeding,  dark  red  feces 
may  he  deposited  on  the  skin. 

When  ready  to  feed,  the  louseanchors  Us  mouth  to 
the  skin,  stabs  an  opening  through  the  skin,  pours 
saliva  into  ihe  wound,  and  pumps  blood  from  Ihe 
injury  into  the  digestive  system  by  means  of  the 
pharyngeal  pump. 

The  body  louse  remains  attached  to  clothing  fibers 
and  bends  over  to  feed  while  the  head  louse  simply 
remains  attached  to  hody  hairs. 

Egg  Laying.  Mating  occurs  frequently  and  at  any 
lime  in  the  adults  life,  from  the  first  10  hours  to  old 
age.  Eggs  are  laid  24  to 48  hours  later. depending  upon 
temperature  conditions.  Eggs  are  cemented  on  head 
hairs  by  head  lice  or  on  the  underclothing  by  body  lice. 
If  the  human  is  relatively  nude.as  in  some  tropical 
areas,  lice  may  infest  beads  and  necklaces.  Body  lice 
may  deposit  "  Or.  10  eggs  per  day  and  a  total  of  270  to 
300  eggs  in  a  lifetime.  Head  lice  are  less  prolific, 
depositing  about  4  eggs  per  day  for  a  total  of  about  tS8 
in  a  lifetime.  The  hatching  of  eggs  is  greatly  reduced 
or  completelv  prevented  hv  exposure  to  temperatures 
above  I<KJP"F,  C.)  or  lower  than  75a  F. 

fM.Otf3  C). 

Nymph  Development.  After  emerging  from  the  egg. 
the  louse  nymph  molts  three  times  before  becominga 
sexually  mature  adult.  Therefore,  ihere  are  ihree 
nymphal  instars.  differing  from  each  other  by  the 
increased  length  of  the  abdomen  as  development 
progrer>ses.  The  nymphal  stages  require  tS  to  9  days  for 
Ijee  remaining  m  contact  with  ihe  human  hody.  but 
may  require  2  to  4  weeks  when  the  clothing  is  removed 
at  night,  If  the  clothe*  are  uorn  lor  several  days,  all  of 
\he  lice  will  usually  succomb  The  total  hie  cycle  of 
head  and  body  lice  may  be  completed  in  about  1 8 days 


 I 


Column  A 

Xht  uduli  Louae  is  2  to  4  millimeters  ln"K 
jntl  greyiih  while. 

Iheudull  Jouwr  is  I  ui  2  millimeters  lung 
und  is  greyish  white  wnh  dark  margins. 
Are  not  known  in  infect  eyehrnws  or 
eyeliiahes. 

On  move  fairly  rapidly  from  hmt  to 

\\mi  by  simple  cn mact. 

May  hie  acquired  by  putting  on  infected 

garments. 

Female  lay*  eggs  ahng  clothing  Harris. 
Tend  uf  leave  feverish  patents  and  neeit 
other  hosiv 

May  deposit  9  tit  Jl>  eggs  pet  day. 
May  depittil  4  eggs  per  duy 
Hie  nymphal  stage  requires  H  to  lOdays 
when  remaining  in  contact  with  human 


Heuti  l*ce 
Hody  lice. 
Both 


636.  Complete  given  statements  concerning  the 
characteristics  of  crab  lice. 


Characteristics  of  Crab  Lice.  Crab  lice  fPthirus 
pubis)  ate  small  10,8  to  L0  mm),  grayish-white  insects 
with  a  short  abdomen  bearing  hairy  lateral  tufts  and 
large  second  and  third  pairs  of  legs  which  give  them 
a  crab-like  appearance  (fig.  4-0. 

These  insects  are  most  commonly  found  on  hairs  in 
the  pubic  areas,  but  they  may  be  found  on  hairy  areas 
of  the  chest  or  armpits.  Infestations  of  the  eyebrows 
and  eyelashes  have  been  reported  frequently.  Crab  lice 
on  the  eyebrows  feed  in  a  very  localized  area  and  cause 
hemorrhages  into  the  skin  which  result  in  a  bluish 
pigment  directly  above  the  eyebrows. 

The  life  cycle  of  the  crab  louse  is  similar  to  that  of 
the  head  and  body  lice.  The  eggs  are  glued  to  hairs  but 
are  smaller  than  the  body  lice  eggs. 

There  are  three  nymphal  stages.  In  a  few  specimens 
that  were  carefully  studied,  it  took  13  to  17  days  for 
them  to  become  adults.  Adult  life  lasts  less  than  a 
month.  All  stages  arc  more  sedentary-  than  those  of 
head  or  body  lice.  They  tend  to  settle  down  at  one  spot, 
grasping  hairs  wilh  the  legs  of  both  sides  of  the  body, 
inserting  the  mouth  pans,  and  taking  blood  inter- 
mittently for  many  hours  at  a  time.  The  legs  are 
adapted  for  grasping  large  hairs  and.  in  Ihe  position 
adopted,  the  adult  prefers  hairs  widely  spaced  (com- 
pared wilh  the  dense  hairs  of  the  head).  This  may 
partly  explain  the  distribution  of  the  crab  louse  which 
is  found  most  commonly  on  the  hair  in  the  pubic  and 
anal  areas;.  This  insect  survives  only  a  shon  time  away 
from  the  host. 

Crab  ]ice  are  spread  chiefly  by  sexual  contact,  but 
they  may  he  acquired  by  other  means,  such  as  infested 
toilet  wms  and  beds,  and  by  close  personal  contact. 
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Mtiny  (iinJioniio  believe  t hut  there  has  been  a  re- 
surgence in  the  number  of  cases  of  crab  louse  infesta- 
tions related  to  ihc  present  worldwide  climate  of 
cultural  permissiveness. 


I   Crab  lice  are  ^mall.  insects. 

2.   Ihesc  insects  are  most  commonly  found  on  hairs  in 
the  area, 

3  Hie  eggs  of  the  crab  louse  are  gJucd  to  

hut  ;ire  smaller  than  the   lice  cfjgs, 

4  I  he  adult  crab  lou*:  pretcrs  hairs  

spaced. 

f\M.  Provided  with  statement?)  that  pertain  to  lice 
controls,  identify  each  of  the  statements  as  pertaining 
to  the  control  nf  fcndy,  head,  or  crab]lcet  or  all  three. 


I  he  three  kinds  nl  lice  thai  infest  humans  diHer 
considerably  m  habits  and.  therefore,  require  different 
methods  of  control  Betause  the  body  louse  u  the 
sector  of  epidemic  typhus  and  other  diseases,  emphasis 
has  been  placed  on  development  of  measures  for  its 
control, 

Control  of  Body  Lice.  Liccegg^are  laid  on  the  cloth, 
attached  to  (he  fibers:  wool  cloth  ts  much  preferred  l« 
other  kinds  In  looking  for  infestations,  examine  the 
clothing  along  the  seams  and  lolds,  especially  on  the 
inside  of  the  underwear. 

Ordinary  laundering  with  hot  water  will  destroy  all 
stages  of  lice  on  infested  clothing  and  bedding,  Dry 
cleaning  may  be  used  todestroy  lice  on  wool  garments. 
Fhc  solvent  used  in  cleaning  is  toxic  to  lice,  and  the 
steam  used  in  pressing  makes  certain  that  eontrol  is 
complete.  Pressing  woolens  at  home  also  satis- 
faciory,  hut  special  attention  must  be  given  to  the 
seams, 

Ihree  insecticide  powders,  10  percent  PPT,  I 
percent  lindane,  and  1  percent  malathion.  have  been 
extensively  used  to  control  body  lice.  During  epi- 
demics of  typhus,  10  percent  DDT  has  been  the 
insecticide  nf  choice  in  many  parts  of  the  world.  In  the 
L'mted  States,  where  DDT  is  difficult  to  obtain  and 
tvhere  its  use  has  been  largely  banned  smce  1973,  or  in 
areas  where  body  lice  are  resistant  to  DDT,  these 
insects  may  be  controlled  with  dusts  containing  1 
percent  lindane*  I  percent  malathion,  or  0.2  percent 
pyrethnn.  or  0,3  percent  allethrin  synergired  with 
piperonvl  hutoxide,  providing  the  pesticide  label  so 
states. 

These  powders  are  frequently  dispensed  in  2-otince 
siltcr-top  cans  or  pfastic  bags  fo  individual  use.  The 
powder  should  be  applied  ovenhe  inner  surface  of  the 
underwear  and  evenly  distributed  b>  hand,  with 
special  emphasis  on  the  scams  and  folds.  The  scams 
inside  the  shin  and  trousers  and  socks  or  stockings 
\hould  he  similarly  treated.  About  one  ounce  of 
powder  is  necessary  tor  one  treatment. 


Hand-operated  dtiur  Mower*  or  mnlor-driven  air 
compressors  with  a*  many  ttx  W  dusting  heads  have* 
been  used  for  mass  treatment  of  civilian  populations, 
troops,  and  prisoner*  of  war.  The  clothing  need  nnt  be 
removed,  About  2  ounces  of  t lie  powder  in  shaken  or 
blown  into  the  clothing  through  neck  openings,  up  the 
sleeve*,  and  all  around  the  loosened  waist  of  irouscn. 
In  debusing  women,  an  extra  amount  of  insecticide 
may  be  introduced  around  the  neck  and  the  applka* 
(inn  at  the  waistline  omitted. 

Control  uf  Head  LJct.  Head  lice  spread  rapidly 
through  a  family  and  may  be  transmitted  to  people 
throughout  a  community,  They  are  most  abundant  in 
children.  In  some  countries,  girls  tend  to  he  more 
heavily  infested  by  both  head  and  body  I  ice  than 
boys. 

The  eggs,  often  ealh<l  "nits."  are  thr  easiest  stage  to 
discover  when  inspecting  for  head  li^e.  They  are  most 
commonly  attached  to  the  hair,  close  to  the  scalp 
behind  the  ear. 

With  schoolboys-  men.  or  prisoners  of  war.  a  very 
close  haircut  or  even  shaving  of  the  head  to  remove  the 
ugg1*  iind  all  later  stages  is  a  simple,  inexpensive 
method  ot  enrolling  head  lice-  With  women  and 
£irls,  other  methods  are  often  used.  Both  the  lice  and 
eggs  must  be  destroyed, 

The  application  of  1  percent  lindane  or  I  percent 
malathion  dust  in  pyrophyllite  or  talc  b  effective, 
although  it  is  unsightly-  The  dust  should  remain  on  the 
scalp  24  hours  in  order  to  produce  a  complete  kill,  A 
second  treatment  7  to  10  days  later  will  kill  all  lice  that 
have  hatched  since  the  first  treatment. 

Control  of  Crab  Lice*  As  with  head  and  body  lice,  a 
simple  treatment  for  crab  louse  control  is  shaving  or 
cutting  the  infested  hair  to  remove  adults,  immature 
stages,  and  eggs  glued  to  hairs. 

Insecticides,  such  as  the  ones  recommended  in 
Appendix  A  tor  controlling  crab  lice,  or  chemicals 
that  are  recommended  for  thus  use  on  the  pesticide 
label  may  be  used, 

People  are  very  sensitive  about  infestations  of  crab 
Ulx\  A  rumor  or  an  infestation  in  a  large  of  fice  building 
can  do  much  to  disrupt  normal  operations  and  cause 
distress.  If  these  problems  are  dealt  with  ijuickly  and 
firmly,  they  will  soon  be  forgotten, 

Other  I.ke  Control  Measures.  Frequently,  liquid 
preparations  are  more  acceptable  than  dusts  because 
the  powders  are  unsightly  and  suggest  that  the  person 
is  infested  with  lice.  Also,  louse  powders  are  not 
registered  for  use  in  California,  Shampoos  or  lotions 
are  available  commercially,  such  as  A  200  Pyrinate 
containing  0,2  percent  synergi^ed  pyrethins,  Cuprex 
with  3]  percent  tetrahydronaphihalene  and  0.03 
percent  copper  oleate.  and  Bomate  with  5  percent 
isobornyl  thiocyanoacetate  and  0,16  percent  dioctyl 
sodium  sulfosuccmate. 

Two  emulsiiiable  concentrates  for  controlling  alt J 
i  hrce  species  uf  human  lice  are  available  by  physician's 
prescription.  One  contains  I  percent  Undane  ( Kwell), 
The  second  JTopocide)  is  also  known  as  \"R1N  and 
contain^  the  following  materials  by  weight:  ben/yl 


hcn/oate  nti  percent.  1)1)  I"  6  percent,  bcn/i>caine 
IJ  percent,  ami  [ween  XO  14  percent,  the  present 
formula  does  not  contain  DD  T.  NHIN  is  diluted  with 
water  belorc  application  Kaeh  person  is  retired  to 
Like  a  sou-p  and  water  bath  belore  treatment.  Trie 
mixture  should  be  kept  out  nf  ihe  eyes,  People 
treated  wuh  Kwell  should  not  bathe  again  far  at  least 
24  hours:  those  treated  with  lormadc  should  wail  4H 
Injurs,  Bcn/ocame  ls  a  very  effective  ovicide,  thus,  the 
eggs,  as  we]J  as  the  active  stages,  are  killed. 

I  he  safes!  and  best  materials  for  head  louse  control 
;ire  emulsions  containing  0.2  percent  pyrethrins.  ] 
percent  lindane  ( Kwell).  or  12  percent  ben/yl  ben/^xite. 
or  insecticide  du.sU  containing  1  percent  lindane  or  ] 
percent  malathion,  fhe  following  procedure  for  using 
cmuhions  is  *al'c  and  easy  to  lollow, 

{  I }  Shampoo  and  dry  the  hair  thoroughly, 

(2)  Seat  person  in  chair  with  head  tilted  backward 
.nut  eyes  covered  with  towel, 

tl\  Apply  the  emulsion  liberally  to  the  hair  and 
scalp  with  brush  and  swab.  Work  against  the  nap  of 
ihe  hajr  and  touch  all  hair  and  the  whole  scalp, 

i4f  Comb  the  hair  in  the  usual  manner. 

(5}  After  10  minutes  with  the  pyrethrm  emulsion, 
or  alter  24  hours  with  the  lindane  nr  ben/yl  ben/ome 
emulsion,  shampoo  the  hair. 

if))  Dry.  comb,  and  brush  hair  to  remove  dead  lice 
and  loosened  eggs'. 


H*ereis*s  (637): 

Mutch  the  iteras  to  column  A  with  those  in  column  B< 


(  ttiurnn  4  Ofhttntt  3 
 i   laundering  mtcaee  clothing  *uri  hue  J  HiKh  lice 

water  will  dcsiruv  jlJ  ■aagc^  ul  lice  h   Head  lice 

r   One  pci«ru  lindane  poller  used  to  c   i  tab  lice 

control  lice  *i   Alt  thtee 
_          1    J.fnuKkifis  vi>nt*iininji  O  2  perLTerU  pyn;. 

thnn  ire  the  vilcsi  jnd  hesc  vorlliol  o\ 

.  ._  4  "iluving  iir  oimtng  [he  hair  i>  ihe  \imphsi 
Treatment 


4-2.  Ticks 

Ihe  material  in  this  section  introduces  the  tick  and 
reviews  ihe  characteristics,  distribution,  and  Control 
o]  the  tick,  I  he  material  will  also  eower  [he  methods 
nl  personal  protection,  contml-ot  animals,  and  treat- 
ment ot  intested  arca.s 


4«\H.  Complete  given  statements  concerning  the 
disease*  that  ticks  spread. 

Ticks  are  known  to  spread  tue  groups  Lit  JtMdly 
diseases, 

lh  RK'kettsiat    spoiitrd  fescr  .ind  i)  te\cr 

i  2)  Bacte  rial- to  lar*-  mi  a 

\})  Spirochetal    relapsing  lev t:r 


f4)  Viral  -  Coloiado  nek  fever, 
(5)  Proto/nal— Texan  cattle  fever. 


As  you  can  see,  ticks  can  cause  great  discomfort  to 
humans.  See  table  4-1  for  the  following  discussions. 

Rocky  Mountain  Spotted  Few.  This  is  a  febrile 
disease  caused  by  Rickettsia  rfckettsiL  In  the  west, 
the  Rocky  Mountain  wood  tick  (Dermacentor 
andersom)  and  the  rabbit  tick  (Haemaphysahs 
ieporispafustris)  spread  the  disease  Trom  animal  to 
animal.  Dermacentor  andersoni  is  the  most  impor- 
tant western  vector  and  both  male  and  female  of  the 
species  are  infectious.  The  American  dog  tick  (Derma* 
vrntor  variabilis),  shownin  figure  4-3,  is  the  most 
important  vector  in  the  east.  Another  species,  the  lone 
.star  tick  (Amhiyomma  americanum)  is  probably  a 
vector  in  parts  of  the  eastern  United  States  and  Texas, 
Oklahoma,  and  Arkansas. 

Dermacentor  ticks  are  well  suited  as  vectors  of 
spotted  fever  because  their  larvae  and  nymphs  feed  on 
rodents,  and  the  adults  attack  man  and  other  large 
animals.  However,  transmission  of  the  fever  does  not 
occur  unless  the  tick  remains  attached  for  more  than 
2  hours. 

Spotted  fever  has  been  reported  from  46  of  the  50 
States.  This  disease  is  not  contracted  in  Hawaii  or 
Alaska  and  is  seldom  reported  inland  In  New  England 
or  New  York  or  in  the  West  Central  States.  The 
greatest  number  of  cases  have  been  reported  from  the 
South  Atlantic  States,  particularly  Virginia,  Mary- 
land, and  North  Carolina,  Great  differences  in  the 
vtruience  of  the  disease  have  been  reported,  the 
western  strain  being  considered  more  deadly  than  the 
eastern.  However,  the  fatality  rate  for  spotted  fever  is 
about  as  high  in  the  East  as  it  is  in  the  West. 

Tularemia*  Tularemia  or  rabbit  fever,  is  a  pi  ague- 
like  disease  transmitted  to  humans  from  rabbits  or 
rodents,  This  disease  has  caused  heavy  losses  In  sheep. 
The  disease  bacteria.  Franvisetia  tutarensis  (formerly 
known  as  Fasteuretta  tuiarensis),  infects  a  wide 
variety  of  hosts,  but  is  especially  prevalent  in  rabbits. 
Tularemia  is  transmitted  to  these  hosts  by  ticks  of  the 
genera  Dermacentor.  Amhiyomwat  and  Haemaphy 
salts,  which  may  transmit  Ihe  disease  organisms  to 
their  offspring  in  the  egg  and  from  one  stage  to 
another.  People  acquire  the  disease  by  contact  with_ 
infected  rabbits  or  other  animals,  the  feces  of  infected 
ticks,  or  by  lick  bites. 

Relapsing  Fevers.  There  are  two  distinct  diseases 
known  as  relapsing  fjfver,  one  tiekborne*  the  other 
lousebome.  They  show  only  minor  clinical  variations 
and  are  distinguishable  by  differences  in  mode  of 
transmission  and  geographic  distribution.  These 
diseases  occur  on  every  continent  with  the  possible 
exception  of  Australia  and  are  caused  by  the  spiro- 
chetes »n  the  genus  Burrefia.  The  epidemic,  louse- 
borne  type  is  most  frequentlydue  to  Barrelia  recurren- 
tis  and  the  endemic,  tickborne  type  is  caused  by  a 
number  ol  species  of  Borrefca^  Loasebome  relapsing 
lever  us  not  known  to  i>ccur  in  the  United  States  at  the 
present  unit:. 
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TAULE4-I 

I  IC'kltOkM  IHSl.AStS  IN  I  ML  UNll     SI  A'lES 


Name  of 
Disease 

Disease 
Organism 

Type 
Organism 

t 

Tick  Vector 

>  Rocky  Mountain 
Spotted  fever 

Rickettsia  rickettsii 

rickettsia 

Dermacentor  Variabilis 

D,  Andersoni 

D.  Occidental*  s  **** 

Amblyomma  americanum 

Haemaphysalisleporispalustris  * 

1  Tularemia 

Pasteurella  tularensis 

bacterium 

D,  variabilis 

D,  andersoni                     ^  J 
H,  leporispalustris  * 
Amblyomma  americanum 

1  Relapsing  Fevrrb 

Borrdia  spp, 

Spirochete 

Ornithodoros  hermsi  0  talaje 
„  0  Parke ri  0.  turicate 

1  Colorado  Fever 

Birus 

,  Virus 

 r^r- 

D,  andersoni                        *  v 

l  t 

1  t 

Coxieiia  burneiti 

rit'feehsia 

u.  anGerooni 
A.  americanum 
OtobiuB  Megnini 

Tick  paralysis 

 no  organism,  toxic  secretion  

i 

Dr  variabilis 

Anaplasmofiib  ** 

Anaplasma  spp. 

protozoan 

Many  tick  species  . 

Cattle  tick  fever 

Babesia  bigemina 

protozoan 

— ^  :  

Boophilus  annulatusk  B.  micre^us 

ST 

Bullis  feu#r 

Unknown  - 

rirkettsia  - 

Amblyomma  americanum  ( ?) 

*    Transmits  disease  among  rabbits. 
**  Disease  of  rattle , 

***  Found  infected  in  nature  hut  I  rrinjimirision  (ij  man  has  not  been  reported. 


396 


LARVA 


NYMPH 


In  the  United  States  relapsing  fever  spirochetes  are 
transmuted  by  soft  ticks  of  the  genus  Ornithodorus 
in  limited  areas  of  13  Western  States.  There  are  four 
species  which  are  proven  vectors  of  relapsing  fever 
spirochetes:  Omithodoros  hermsi;  in  California. 
Nevada,  Idaho,  Oregon,  Washington,  and  Colorado: 
Ornrthmioros  turwaia  and  Qmithadoros  talaje  in  the 
United  States  from  Florida  to  California  and  north- 
ward to  Kansas.  Colorado,  and  Utah:  and  Orrtitho- 
dorvs  parkan  in  northwestern  United  States.  Ticks 
remain  infective  for  life  and  pass  the  spirochetes  to 
their  offspring,  8oth  ticks  and  their  rodent  hosts  may 
serve  as  reservoirs  for  the  disease,  infections  of 
humans  arc  believed  to  take  place  by  contamination  of 
the  wound  or  skin  by  tick  secretions  in  some  species, 
Ornithudonw  turicaia*  Orntihodoros  parkeri.  a  nd" 
Ornifhoihiros  hermsi  definitely  infect  by  the  bite. 

Colorado  Tick  Fever.  Colorado  tick  fever  is  a  viral 
disease  of  short  duration  and  low  mortality,  charac- 
terized by  sudden  onsc:.  leukopenia  (reduction  of 
white  corpuscles  in  the  blood ).  and  absence  of  the  rash 
usually  associated  with  rickettsial  diseases.  Human 


cases  occur  in  Western  Canada  and  in  Washington, 
Oregon,  Idaho,  Montana.  California-,  Nevada*  Utah. 
Wyoming,  Colorado,  and  South  Dakota  in  an  area 
correlating  well  with  the  range  of  Dermacentor 
andersoni.  The  virus  has  been  isolated  from  the  Rocky 
Mountain  wood  tick  and  a  number  of  small  rodents, 
particularly  ground  squirrels.  The  disease  is  most 
prevalent  in  adult  males*  but  also  occurs  in  women  and 
children. 

Cattle  Tick  Fever*  Cattle  tick  fever  (Texas  cattle 
fever)  is  a  deadly  disease  of  cattle  caused  by  tiny 
protozoans  (Babesia  bigeminal  which  destory  the  red 
blood  cells.  This  disease  Is  transmitted  by  the  .cattle 
tick  Bouphilus  annulams  or  the  tropical  cattle  tick 
Boophitusmicrcptus.  At  onetime,  the d isease occurred 
in  16  states,  ranging  from  California  eastward  and 
from  Texas  northward  to  Kentucky  and  Virginia, 
killing  many  cattle.  It  has  been  virtually  wiped  out  in 
the  United  States  by  such  measures  as  quarantine  and 
compulsory  cattle  dipping*,  however,  the  disease  still 
causes  many  cattle  fosses  in  the  Tropics. 
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Tick  Bite  Paralysis.  Tick  bite  paralysis,  produced 
by  the  engorging  female  hard  tick,  is  probably  caused 
by  a  neurotoxic  Substance  in  the  tick  saliva,  possibly  a 
foreign  pnuretn  such  as  partially  digested  blood.  The 
symptoms  develop  ahoul  o  days  after  the  tick  becomes 
attached  and  while  engorgement  Is  well  under  way. 
There  is  a  rapid  upward  progression  of  flaccid  paralysis 
starting  with  the  feet  and  legs  and  extending  to  the 
face,  tongue,  and  pharynx,  sometimes  ending  with 
respiratory  failure  and  death-  Tick  paralysis  is  most 
frequently  observed  in  children  under  seven  years  of , 
age  and  has  a  high  fatality  rate.  In  the  United  States 
in  I95f).  12  deaths  occurred  among  94  cases  for  a  12,7 
percent  mortality  rate.  In  another  study  in  trie  Pacific 
Northwest  of  the  Lnjtcd  States,  27  deaths  occurred  in 
23K  cases,  an  ll  percent  fatality  rate.  In  North 
America  ihe  wood  tick  and  the  American  dog  tick  are 
the  two  species  that  most  commonly  cause  tick 
paralysis.  This  disease  is  most  frequently  observed  in 
the  Northwest  and  in  the  southeastern  States.  The 
usual  site  of  tick  attachment  is  the  scalp,  particularly 
the  hack  of  the  head.  Persons  camping  and  hiking 
should  prevent  tick  attachment  by  thorough  inspection 
(if  the  body  and  garments  and  the  use  ot  tick  repellents 
and  protective  clothing.  Small  girls  are  the  most 
subject  to  nek  paralysis,  their  long  hair  ean  conceal 
the  ticks  oiUhc  back  ol  the  neck.  Grown  persons  are 
rarely  paralyzed.  Recovery  of  patients  is  rapid  follow- 
ing simple  removal  of  the  engorging  tick  and  appli- 
cation of  a  suitable  antiseptic.  Tick  paraJysis  a-lso 
occurs  in  dogs  and  cattle. 

0  Fever.  Qfcvet  (Query  fever)  is  a  rickettsial  disease 
which  has  also  been  known  as  nine  mile  fever.  The 
causative  organisms  Caxielfo  httmett.  has  caused 
outbreaks  among  stockyard  workers  in  Australia  and 
the  United  States,  in  laboratory  workers,  veterinarians, 
and  farmers.  The  disease  has  been  reported  from  all 
continents  and  in  ever-widening  localities.  The  Rocfcy 
Mountain  wood  tick,  tone  star  tick,  sptnose  ear  tick, 
and  many  oi her  species  have  been  found  infected.  Tick 
tissue  and  feces  become  massively  infected  with  this 
rickettsial  agent.  At  least  one  human  case  occurred 
when  a  hunter  "popped"  an  engorged  infected  tick  m 
his  mouthx  the  nckettsia  easily  entering  his  body 
through  the  moist  oral  tissues,  Jt  is  suspected  that 
humans  may  inhale  the  disease  organises  with  dust 
and  droplets  contaminated  with  material  from 
infected  animals. 


Exercises  (438): 

1,  The  five  groups  of  deadly  diseases  transmitted  to 

humans  by  neks  are  (a)   ,  ,  spotted 

and  Q  tever:  |b)  .  tularemia:  (c) 


3  Tularemia  or 


fever  is  a  plague-like 


.  relapsing  fever;  (d )  viral* . 


(e)  protozoal* 


2.  Dermaccntor  ticks  are  well  suited  as  vectors  oi 

 fever  because  their   larvae  and 

nymphs  feed  on  rodents,  and  the  adults  attach  to 
people. 


disease  transmitted  to  humans  from  rabbits  or 
rodents. 

4,  Colorado  tick  fever  is  a  disease  of 

short  duration  and  low  mortality. 

5,  Cattle  tick  fever  isadeadly  disease  of  cattle  caused 
by  (Babes in  bigemtna). 

6,  Tick  biie  paralysis  is  probably  caused  by  a  neuro- 
toxic substance  in  the  tick  

|(j9,  Identify  given  statements  pertaining  to  the  general 
characteristics  and  habits  of  ticks  as  being  true  or  false 
and  correct  those  that  are  false, 


General  Characteristics.  Ticks  have  three  charac- 
teristics which  distinguish  them  from  the  insects:  the 
head,  thorax,  and  abdomen  are  fused  into  one  body 
region:  they  have  no  antennae:  and  in  the  nymph  and 
adult  stages  they  have  four  pairs  of  legs.  In  true 
insects,  on  the  other  hand,  the  body  is  divided  into 
three  regions  known  as  head,  thorax,  and  abdomeni 
they  possess  a  single  pair  of  antennae;  and  when  fully 
grown  they  have  three  pairs  of  legs. 

The  order  Acarina  (ticks  and  mites)  usually  differs 
from  other  arachnids  in  that  the  body  is  not  segmented; 
the  cephaJoihorax  and  abdomen  are  fused  to  form  one 
body  region. 

Ticks  belong  to  the  suborder  Lxodides  of  the  order 
Acarina,  They  can  he  distinguished  from  other 
Acarina  by  two  characteristics:  the  tarsus  of  the  first 
leg  has  a  conspicuous  sensory  pore  known  as  Halter's 
origan,  and  most  species  have  a  prominent,  toothed 
hypostome  not  found  in  mites  or  chiggers. 

There  are  two  main  groups  of  ticks:  the  hard  ticks 
(family  lxodidae)and  thesoft  ticks  (family  Argasidae). 
The  hard  tick  is  distinguished  by  a  dorsal  shield  or 
scutum  (fig.  4-4)  immediately  behind  the  capitulum 
(false  head).  The  dorsal  shield  is  small  in  the  female, 
but  in  the  male  it  covers  the  entire  dorsal  surface.  The 
soft  tick  has  no  dorsal  shield.  Hard  ticks  also  are 
tapered  anteriorly  while  most  soft  ticks  are  blunt. 

In  the  United  Stales  hard  ticks  are  much  more 
abundant  than  soft  ticks*  cause  greater  annoyance, 
and  are  far  more  important  in  the  transmission  of 
disease  to  humans  and  their  animals.  An  identification 
key  to  some  common  tick  species  is  provided  in 
Appendix  6  for  your  use. 

Habitats.  Hard  ticks  ordinarily  spend  much  of  their 
life  on  the  ground  or  on  vegetation  awaiting  hosts. 
They  are  must  abundant  in  shrubby  areas,  especially 
along  partis,  and  are  scarce  in  deep  woodland.  Boophi- 
lus  species  pass  most  of  their  time  on  animals,  being 
one-host  parasites.  Generally*  hard  licks  feed  upon 
three  hosts:  frequently,  but  not  always,  the  larvae  and 
nymphs  feed  on  small  mammals  or  birds  and  the 
adults  feed  on  large  mammals.  Demw'cemor  aibipk- 
iux.  a  one-host  hard  tick,  is  an  exception.  The  soft 
licks  feed  upon  a  host  only  a  short  lime  and  may  be 
called  plural-host  tick** 
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Figure  4-4  Hard  uck  diagram. 

Climatic  Factors.  Temperature  is  an  important 
climatic  factor  affectingjick development.  Unfed  hard 
ticks  can  endure  the  frigid  winter  weather  in  their 
sheltered  retreats,  but  engorged  ticks  and  eggs  are  less 
resistant.  The  spring  and  summer  heat  induces  greater 
tick  activity.  Hard  ticks  can  ensure  long  submergence 
in  water  and  are  not  injured  by  humid  weatheT*  They 
usually  die  quickly  in  a  dry  situation,  whereas  soft 
ticks  generally  exist  in  much  drier  situations* 

Longevity.  Many  hard  ticks  require  a  year  or  two  to 
complete  their  life  cycle  but  may  take  longer  under 
unfavorable  conditions.  Under  optimal  laboratory 
conditions,  the  normal  2-year  life  cycle  of  Derma- 
centor  andersonl  and  Amblyomma  americanum  can 
be  reduced  to  2.5  to  3*5  months.  Some  ticks  are  long 
lived.  Specimens  of  Ornithodoros  turicata  have  been 
kept  under  observation  for  more  than  1-2  years. 
Ornithodoros  thoiozani.  an  Old  World  species*  is 
known  to  have  a  lifespan  of  20  to  25  years.  Ticks  are 
not  easily  starved  out  by  rotation  of  cattle  pasturage 
and  other  cultural  measures. 

Feeding.  Most  ticks  parasitize  a  wide  range  of  host 
jnimals.  Only  a  few  species  show  a  marked  preference 
for  feeding  upon  one  animal  species.  Ticks  feed  upon 
mammals,  birds,  reptiles,  and  some  amphibians. 
When  feeding,  the  tick  inserts  the  barbed  hypostome 
(fig.  4-5)  into  an  incision  made  by  its  chelicerae.  Most 
species  cause  no  pain  to  the  host,  and  the  unsuspecting 
hu  nan  host  may  be  completely  surprised  when  he 
finds  a  tick  attached  on  his  body.  However,  some  tick 
species.  suVh  as  the  lone  star  tick,  cause  a  painful 
bite.  Only  females  of  the  hard  ticks  become  greatly 
distended.  Ornithodoros  hermsi  becomes  engorged  in 
15  to  2D  minutes  while  the  American  dog  tick  and  most 
other  hard  ticks  require  several  days. 

Transmission  of  Pathogens*  Ticks  serve  both  as 
mechanical  and  biological  carriers  of  pathogenic 
organisms.  The  mouth  parts  of  ticks  feeding  on 
infected  animals  may  become  contaminated  with  the 
pathogens  which  are  inoculated  into  healthy  animals 
when  the  ticks  move  from  one  animal  to  another.  This 
mechanical  type  of  transmission  is  often  called  infec- 
tion through  interrupted  feeding.  In  addition,  ticks 
serve  as  reservoirs  of  viruses,  rickettsial  bacteria,  and 
protozoa,  with  transmission  of  the  various  pathogens 
from  infected  adults  through  the  egg  to  the  following 
larval,  nymphal.  and  adult  stages.  This  method  is  often 


termed  "transovarial"  or  "transstadial"  transmission 
of  pathogens.  Epidemiological ly,  this  last  mechanism  . 
is  of  great  importance  in  maintaining  the  disease-^ 
causing  organisms  in  an  area  during  periods  of  adverse  i 
weather  conditions,  such  as  cold  winters  or  hot,  dry 
summers;  in  establishing  endemic  foci  of  such  diseases 
as  Colorado  tick  fever,  spotted  fever,  relapsing  fever, 
tularemia,  cattle  tick  fever,  and  ana  plasm o sis;  and  in 
maintaining  areas  with  virulent  strains  of  a  pathogen* 
Infected  ticks  may  require  several  hours  of  feeding 
before  sufficient  parasites  are  passed  into  a  susceptible 
host  to  cause  infection.  Therefore, campers  and  people 
who  work  in  tick-infested  areas  should  check  them- 
selves periodically  fpr  ticks  and  remove  any  they  find 
as  soon  as  possible.  The  feces  of  infected  ticks  often 
contain  pathogenic  organisms.  Some  authorities' 
consider  that  inhalation  of  dust,  containingthe  minute 
fragments  of  tick  feces  loaded  with  Q  fever  organisms, 
is  an  important  method  of  contracting  this  disease* 

Mouthparts,  Ticks  do  not  possess  a  true  head,  but 
have  a  capitulum  (fig.  4-4}  consisting  of  a  basal" 
portion,  the  basis  capitult,  to  which  the  hypostome, 
chelicerae,  and  palps  are  attached.  The  hypostome 
typically  bears  many  rows  or  recurved  barbs  which 
anchor  the  tick  to  the  skin  of  its  host.  The  chelicerae 
serve  as  cutting  organs  to  permit  insertion  of  the  hypo- 
stome. The  palps  have  four  segments  or  articles,  with 
the  fourth  segment  very  small  in  the  hard  ticks  and 
approximately  equal  to  the  other  segments  in  the  soft 
ticks*  The  palps  do  not  penetrate  the  skin  of  the  host. 
In  the  hard  ticks  the  mouth  parts  project  from  the 
anterior  end  of  the  body*  while  in  the  soft  ticks  they 
project  on  the  ventral  side,  hidden  dorsally  by  the 
body. 


Exercises  (639): 

I.  Place  an  X  in  front  of  tbe  true  statements. 
 a.  Ticks  have  head*  thorax,  and  abdomen  fused 

into  one  body  region. 

 b.  The  hard  ticks  have  no  dorsal  shield. 

 c.  Thereare  two  main  groups  of  ticks:  hard  and 

soft. 

 d.  Hard  ticks  ordinarily  spend  most  of  their  life 

on  the  ground  or  on  vegetation*  awaiting 
hosts. 


PALP  ARTICLE  4- 
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KijruTe  4-5  Tick  rrutulhparit,  diagram. 


e.  Engorged  lic^s  can  endure  frigid  weather 
better  than  unfed  hard  ticks. 

  f.  Soft  ticks  generally  exist  in  much  drier 

situations  than  hard  ticks, 

 g>  Many  hard  licks  require  a  year  or  two  to 

complete  their  life  cycle. 
 h.  Only  the  male  of  the  hard  tick  becomes  dis- 
tended when  engorged. 

 i.  TransstadiaJ  transmission  of  pathogens  is 

accomplished  by  transmitting  from  the  adult 
to  the  egg  and  through  the  larval,  nymphal. 
and  adult  stage. 

 j.  One  method  of  contracting  diseases  is  by  the 

inhalation  of  dusts  containing  minute  frag- 
ments of  tick  feces, 


2.  Correct  the  fafte  statements  in  exercise  I . 


*40,  Complete  given  statements  concerning  the 
developmental  stages  of  ticks. 


Ticks  have  four  stages  of  development:  egg,  larva^ 
nymph,  and  adult  (fig,  4-3), 

Egg  Stage.  Mating  of  hard  ticks  usually  occurs  white 
the  ticks  are  on  the  host  animal.  Afterwards  the  female 
drops  to  the  ground  and  deposits  eggs  on  or  near  the 
earth.  Several  days  are  required  Tor  development  of 
the  eggs.  The  female  hard  tick  reeds  once  and  lays  one 
large  batch  of  eggs  ifig.  4-3).  sometimes  numbering  in 
the  thousands,  and  dies  after  oviposition.  Most  oi  ihe 
soft  ticks  engorge  several  times  and  deposit  20  to  50 
eggs  in  a  batch  after  each  blood  meal.  Eggs  hatch  in 
two  weeks  to  several  months,  depending  upon  tem- 
perature, humidity,  and  other  environmental  factors. 

Larva  Stage*  The  Larvae,  or  "seed  ticks*' possess  only 
six  legs  and  are  not  distinguishable  as  [o  sex.  Because 
their  chance  of  attaching  to  a  host  is  not  goodn  some- 
times prolonged  fasts  obligatory. 

Despite  tolerance  to  starvation^  a  very  high  percen- 
tage or  larvae  Tail  to  survive.  Some  climb  on  vegetation, 
waiting  for  a  small  rodent  to  pass  within  reach.  Others 
actively  seek  a  vertebrate  hostn  being  guided  by  the 
scent  of  the  animal.  After  a  blood  meal,  the  engorged 
larvae  usually  drop  to  the  soiL  shed  their  skins,  and 
emerge  a&  eight-legged  nymphs.  The  larve  oT  one-host 
ticks  remain  on  the  host  to  molt. 

Nymph  Stage.  The  nymph  (fig.  4-3}  has  eight  legs 
hke  the  adult  but  has  no  genital  opening.  This  stage 
also  must  undergo  a  critical  waiting  period  for  a 
suitable  host,  After  engorgement,  the  nymph  drops 
from  the  host,  molts,  and  becomes  an  adult.  Nymphs 
may  rest  for  long  penoxJs  ot  time  before  becoming 
adults.  Although  the  life  cycle  of  some  species  of  hard 
ticks  may  be  completed  in  less  than  I  year,  it  may 
require  2  to  3  years,  or  longer,  Ea^h  time  a  tick  leaves 


its  host  it  risks  its  survival  on  the  chance  that  it  wilt 
And  another  host  Some  species  have  the  advantage  of 
molting  on  the  host.  For  example*  the  cattle  tick  is  a 
one-host  tick.  Multiple-host  ticks  are  ahle  to  exist 
because  of  their  very  great  reproductive  capacity  and 
their  abiJity  to  survive  for  Jong  periods  without  food, 

The  hard  ticks  have  only  one  nymphal  instar,  the 
nymph  becoming  an  adult  after  molting.  Soft  ticks 
may  have  several  nymphal  instars. 

Adult  Stage.  Typically  the  nymph  molts  after 
engorgement  and  becomes  an  adult  (fig.  4-3),  Sex  then 
is  distinguishable  Tor  the  first  time  as  the  female  hard 
tick  differs  from  the  male  in  having  a  small  scutum. 
The  sex  of  soft  ticks  may  be  determined  by  the  shape 
of  the  genital  opening  located  between  the  second  pair 
of  legs.  In  male  soft  ticks  the  genital  opening  is  almost 
circular,  while  it  is  oval,  definitely  broader  than  long* 
in  female  specimens.  Unlike  mosquitoes,  both  male 
and  female  hard  ticks  are  bloodsuckers  and  both 
require  several  days  feeding  before  copulation.  After  the 
male  hard  tick  becomes  engorged,  he  usually  copulates 
with  one  or  more  females  and  then  dies.  Following 
copulation,  the  female  tick  drops  to  the  ground.  The 
eggs  require  several  days  to  develop.  Then  she  begins 
ovtposition.  After  a  few  more  days,  her  life's  mission 
accomplished,  the  spent  female  hard  tick  also  dies.  The 
female  soft  tick  may  lay  several  small  batches  or  eggs 
but  she  requires  a  blocd  meal  before  each  episode  of 
opposition* 


Exercises  (640): 
K  Ticks  have  four  stages  of  development:  

 .and   

7.  Mating  of  hard  ticks  usually  occurs  while  the  ticks 

are  on  the  

3.  Fortheegg&todeveLopreqUires  

4.  Eggs  hatch  in  2  weeks  to  several  months,,  depend- 
ing upon    ,  -  and 

other  factors. 

5.  The  nymph  has  legs  like  the  adult. 

6.  Nymphs  may    for   

periods  of  time  before  becoming  adults. 

7.  Despite  tolerance  to  starvation,  a  very  high 
percentage  of  larvae  . 

K.  The  hard  tick  has  .  nymphal 

instan 

9.  Typically  the  nymph  molts  after  

and  becomes  an  adult. 

10,  Following  copulation   the   female  hard  tick 


641,  Complete  given  statements  concerning  tick 
surveys.  „ 

Tick  Survey  Methods.  From  rick  surveys,  you  can 
determine  the  species  present,  the  degree  of  tick 
mfestarion,  whether  control  is  needed,  and  the 
results  obtained  from  control  efforts. 


*  ij  v 


To  determine  the  infested  host  and  the  degree  of 
infestatio^T  you  can  pick  the  ticks  from  the  host 
animals  for  analysis.  To  determine  the  infestation  of 
vegetated  areas*  use  the  tick  drag  method.  To  conduct 
this  survey  with  the  tick  drag,  slowly  drag  it  over  low 
vegetation  beside  roads  and  paths.  After  dragging  a 
specified  distance,  say  50  feet*  pick  the  ticks  from  the 
cloth  and  put  them  into  vials  containing  70  to  80 
percent  alcohol  From  this  collection,  you  can 
adequately  determine  the  species  and  calculate  the 
approximate  degree  of  infestation. 


Exercises  (641); 

L  From  tick  surveys,  you  can  determine  the  , 

the  degree  of  whether  

  .  and  ihe  results  obtained  from 


2  To  determine  the  degree  of  infestation,  you  can 

 —  the   .   from  the  host 

animal  for  analysis. 

\  To  determine  the  infestation  of  vegetated  areas, 
use  the  .   . 


642.  Complete  given  statements  pertaining  to  tick 
contrnl  measures. 


Vou  may  obtain  some  degree  of  protection  against 
ticks  by  keeping  your  clothing  buttoned,  your  irouser 
legs  tucked  into  the  tops  of  your  socks,  and  your 
shin  tail  into  your  trousers.  Avoid  sitting  on  the 
ground  or  on  Logs  in  brush  areas*  and  at  intervals 
inspect  your  clothing  and  body  for  ticks.  If  you  find 
and  remove  them  before  they  become  attached  to  your 
body,  you  will  protect  yourself  from  exposure  to  tick 
paralysis  and  tickborne  disease.  Clearing  and  burning 
brush  along  paths  will  reduce  the  likelihood  of  tick 
infestation,  In  residential  areas,  closely  cut  lawns  and 
well-kept  yards  help  control  ticks  and  their  small 
rodent  hosts. 

[t  neks  become  attached,  remove  them  with  a  steady 
pull  so  that  you  don't  break  off  their  mouthpartsand 
leave  them  in  the  wound.  There  is  no  certain  way  to 
make  ticks  detach  thej.  mouthparts,  but  a  drop  of 
chloroform,  carbon  tetrachloride,  ether,  benzene- 
vaseline,  or  fingernail  polish  helps  remove  them. 
Always  apply  an  antiseptic  to  tick  bites.  If  your  hands 
touch  the  tick,  thoroughly  wash  them  with  soap  and 
uater. 

Tick  repellents.  Many  repellents  have  been  tested 
against  ticks,  but  no  general  chemical  is  known.  The 
application  of  a  repellent  to  exposed  skin  provides 
little  protection  against  ticks  since  they  crawl  under- 
neath clothing  and  attack  untreated  portions  of  the 
body.  Fur  this  reason,  treating  clothes  with  repellents 
re  suggested  instead  of  treating  the  skin.  Indatonc, 
diet  hy  hoi  uamide,  dimethyl  cur  hate,  dimethyl 
ptithalate.  and  benzyl  benzoate  provide  up  to  90 
percent  protection.  Saturate  clothing  with  a  solution 


or  emulsion  of  the  repellent.  A  5-percent  solution  or 
emulsion  will  give  a  deposit  of  about  2  grams  a  square 
foot  on  denim,  ordinary  cotton  khaki,  or  light  wool 
To  wet  a  complete  uniform  including  socks,  shirt  and* 
trousers  thoroughly,  about  3  pints  are  required.  After 
you  have  saturated  your  clothing,  hang  it  outdoors  to 
dry.  Properly  treated  clothing  will  provide  good 
protection  against  ticks,  chiggers,  and  mosquitoes 
for  several  days.  You  should  wash  and  re-treat  clothing 
thoroughly  at  weekly  intervals  or  before  infrequent 
outdoor  excursions. 

Control  of  Ticks  on  Domestic  Animals.  You  can 
free  dogs  and  cats  from  ticks  by  using  an  approved 
pesticidal  dust.  Never  use  dlazinon  and  dieldrin  to 
treat  these  animals.  To  clear  up  infestations,  you  must 
treat  the  pet  and  the  infested  area  at  frequent  intervals. 
At  times,  it  is  necessary  -for  you  to  launder  or  destroy 
the  animal's  bedding  if  infestation  is  heavy,  If  tick 
infestation  is  light,  you  can  satisfactorily  pick  or  comb 
ticks  from  animals. 

Liquid  washes  may  give  better  penetration  of  the 
hair  than  dust  and  may  be  used  as  an  animal  dip  by 
veterinarians.  Successful  control  of  ticks  on  dogs  by 
oral  use  of  ronnel  has  been  reported  by  veterinarians. 

Control  of  Ticks  in  Buildings.  The  brown  dog  tick 
and  the  American  dog  tick  come  into  dwellings  on 
domestic  pets.  The  no n resistant  brown  dog  tick  can  be 
effectively  controlled  by  chlorinated  hydrocarbon 
insecticides  such  as  lindane.  However,  in  many  areas 
the  dog  tick  has  become  resistant  to  the  chlorinated 
hydrocarbon  insecticides;  therefore*  you  must  use 
residual  applications  of  organic  phosphorous  insecti- 
cides, such  as  those  recommended  by  the  pesticide 
label,  [f  tick  infestations  are  severe,  you  will  have 
to  re-treat  both  the  building  and  fhe  pet.  The  pesticides 
should  be  employed  as  spot  treatments  to  baseboards, 
floor  and  wall  crevices,  window  frames  and  other 
harborage  sites.  Five-foot-wide  band  treatments  of 
pesticide  granules  around  foundations  may  prevent 
entry  of  ticks. 

Control  of  Ticks  in  Vegetated  Areas.  You  can 
control  ticks  in  vegetated  areas  by  using  approved 
pesticidal  dusts,  granules*  emulsions,  or  suspensions, 
The  level  of  control  secured  is  dependent  on  the 
adequacy  of  the  coverage.  In  brushy  areas,  50  gallons 
of  spray  or  40  pounds  of  dust  per  acre  are  required. 
Approximately  half  these  amounts  are  needed  on  thin 
cover  sites,  such  as  lawns.  As  certain  ticks  (e,g., 
Dermncemor  variuhUis)  congregate  along  roads, 
paths,  and  trails,  treatment  may  be  restricted  to  these 
areas.  Treatments  with  these ^  chemicals  usually 
prevent  reinfestation  for  30  days  or  more.  Vegetation 
maintenance  such  as  removal  and  cutting  is  very 
effective  at  times  for  controlling  ticks  and  should 
be  accomplished  before  establishing  field  encampments, 

Control  by  Removing  Hosts*  fn  cases  where  build- 
ings are  severely  infested  with  brawn  dog  ticks  which 
show  resistance  to  insecticides,  remove  the  dog  and 
thoroughly  treat  the  building  with  an  approved 
insecticide.  After  removing  the  dog,  dip,  dust,  or 
spray  him  with  a  recommended' insecticide.  Other 
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hosts  of  different  tick  species  are  Held  rodents,  You 
can  control  these  pest  hosts  by  poisoned  bait  (warfarin, 
pival,  zinc  phosphide,  strychnine,  etc.),  trapping,  or 
rodentproofing  with  masonry,  sheet  metal,  etc, 

Exercises  (642): 

L  ff  ricks  become  attached,  remove  them  with  a 

  so  as  not  to  break  off 

their  moulhparts. 

L  There  is  no  certain  way  to  make  ticks  detach  their 
mouth  parts;  however,  a  drop  "f  , 


 ,  ,  or  

helps  remove  them. 

3,  For  a  tick  repelleni  clothing  with  a 

solution  of  emulsion  of  the  repellent 

4.  Insecticides  used  as  repellents  are  -  , 


and  . 

5.  Never  use  and  to  treat 

dogs  and  cats  for  tick  control 

ft,  ff  tick  infection  is  light,  you  cart  satisfactorily 
 or  ticks  from  animals, 

7.  In  buildings,  the  nonresi&tant  brown  dog  ticks  can 
be  controlled  effectively  by  chlorinated  hydro- 
carbon insecticides  such  as  L 

tf.  You  can  control  ticks  in  vegetated  areas  by  using 

approved  pesticidal  ■  t 

 ,  or  

9.  Besides  controlling  ticks  on  domestic  animals  in 
buildings,  in  vegetated  areas  vou  mav  also  control 
by  


-W,  Mites  0 

Most  species  of  mites  are  so  small  that  "mey  are 
barely  visible  to  the  naked  eye,  Their  life  cycles  arc 
often  short,  2  to  3  weeks;  thus,  mites  increase  their 
numbers  very  rapidly  under  favorable  conditions. 

6*13.  Complete  given  statements  concerning  mites  and 
the  disease*  they  carry. 

Mites  are  important  to  humans  because  they  cause 
or  are  involved  in: 

(1)  Scabies  or  mange-like  conditions,  produced 
primarily  by  piange.  itctu  and  follicle  mites. 

[2)  Dermatitis,  produced  primarily  by  direct  attack 
of  chiggers.  bird  and  rat  mites,  straw-itch  mites,  and 
cheese  and  flour  mites, 

13)  Infestation  of  the  lungs,  intestine,  or  urinary 
passages  (by  Jung  mites  or  certain  cheese  and  Hour 
mite). 

(4)  Tapeworm  infestations  of  domestic  animalsand 
man  (beetle  mit^s  serve  as  intermediate  hosts  for 
certain  tapeworms). 


(5)  AJtergjc  reactions  to  mites  (entire  or  fragments 
thereof)  and  their  excreta  may  produce  conditions  d 
similar  to  asthma  in  some  persons. 

(6)  Transmission  of  organisms  that  cause  diseases,  Q 
primarily  those  organisms  that  cause  four  groups  of  I 
diseases;  A 

•  Viral— as  encephalitis  (transmitted  by  certain v 
bird  mitest. 

•  Rickettsial— as  rickettsialpox  (transmitted  by  the 
house  mouse  mite),  scrub  typhus  (transmitted  by 
chiggers  in  the  Pacific  area  of  the  Old  World),  and 
possibly  murine  typhus  (transmitted  by  the  tropical 
rat  rnitc), 

•  Bacterial— as  tularemia  (transmitted  by  the  tropi- 
cal rat  mile  in  the  laboratory)  and  epidemic  hemor- 
rhagic septicemia  (transmitted  by  the  snake  mite). 

•  Filarial— as  in  the  cotton  rat  (transmitted  by  the 
tropical  rat  mite). 

Scabies   and   Related   Mange-like  Conditions. 

Scabies  is  the  most  important  disease  caused  by  mites. 
It  occurs  throughout  the  world  and  is  caused  by  the 
scabies  mite,  itch  mite,  and  mange  mite.  Sometimes 
the  mites  cause  only  a  mild  rash,  but  often  they  cause 
serious  skin  irritations  that  lead  to  secondary  infec- 
tions which  produce  either  conditions  similar  to 
impetigo,  or  severe  allergic  reactions  that  prevent 
persons  from  sleeping  at  night.  The  scabies  mites 
burrow  under  the  skin,  leaving  open  sores  or  linear 
burrows  containing  the  mites  and  their  eggs,  The  first 
symptom  of  scabies  is  itching,  especially  at  night  and 
frequently  overmuch  of  the  body,  Thcsignsofseabies 
are  often  obscured  by  scratching. secondary  infections, 
or  impetigo. 

Itch  mites  found  on  domestic  animals  are  almost 
indistinguishable  from  human  scabies  mites.  Cases  of 
mange  in  humans  which  probably  originated  from 
animal  infestations  are  usally  of  short  duration. 
Mange  mites  from  animals  can  live  on  humans  but  are 
not  able  to  reproduce  and  establish  infestations. 

Scrub  Typhus  and  Hemorrhagic  Fever,  From  the 
viewpoint  of  disease  transmission,  chiggers  are 
probably  the  most  important  group  of  mites  because 
they  transmit  the  rickeusiae  that  cause  scrub  typhus 
(also  known  as  tsutsugamushi  disease.  Japanese  river 
bottom  fever  and  Mossman  fever).  This  disease  is  not 
found  in  the  United  States.  However,  it  has  been  a 
disease  of  importance  to  American  military  personnel 
that  have  been  stationed  in  the  Orient  since  1941. 
Scrub  typhus  occurs  from  India,  through  Southeast 
Asia,  to  Japan  and  Korea.  Scrub  typhus  is  transmitted 
*  by  several  species  of  chiggers. 

Chiggers  are  also  suspected  of  transmitting  epidemic 
hemorrhagic  fever.  This  is  a  disease,  probably^ caused 
^  by  a  virus,  that  American  troops  en  countered  in  Korea. 
It  causes  fever  and  kidney  damage  and  is  fatal  in  about 
5  percent  of  the  cases. 

Rickemiaipnx,  tn  1946  an  outbreak  of  'atypical 
chickenpox 1  in  some  New  York  City  adults  led  to  the 
discovery  of  a  previously  unknown  rickettsial  disease, 


which  was  named  rickettsialpox  and  transmitted  to 
humans  by  the  house  mouse  mite  from  houst  mice 
which  were  the  reservoir  for  thedisease.  RickettsaiJpox 
has  also  been  reported  from  Boston.  Massachusetts: 
Philadelphia.  Pennsylvania;  and  Cleveland,  Ohio. 

The  tropical  rat  mite  (Omtthonyssus bacon),  which 
is  far  more  abundant  than  the  house  mouse  mite,  has 
been  shown  capable  of  transmitting  rickettsailpox  in 
the  laboratory, 

Encephalitis.  Encephalitis  virus  has  been  found  In 
the  chicken  mite  (Dennanyssus  syfoiamum)  and  the 
tropical  fowl  mite  (Ornithonyssus  bursal  The  role  of 
these  mites  in  vectoring  this  disease  to  humans  ha  snot 
been  confirmed  but  it  Is  believed  that  it  is  minor  if  it 
exists  at  all: 

Dermatitis,  Skin  inflammations  (dermatitis)  are 
caused  by  several  types  of  mites,  primarily  chiggers, 
rodent  and  bird  mites,  straw  Itch  mites,  and  grain  or 
cheese  mites.  Probably  no  creatures  on  earth  can 
cause  more  torment  for  their  size  than  chiggers 
(redbugs).  They  are  found  throughout  the  Tropics  and 
suhiropics  Although  they  are  rare  in  the  northeastern 
United  States,  they  are  common  in  the  southern  half, 
in  the  Mississippi  Valley,  and  the  Central  Valley  of 
California.  They  are  most  abundant  in  wooded  areas, 
swamps,  along  roadsides,  and  particularly  where  food 
and  shelter  for  wild  rodents  and  thirds  are  found,  as  in 
patches  of  raspberry  and  blackberry  bushes.  The 
chiggers  attach  most  often  in  areas  where  the  clothing 
fits  tightly,  as  at  the  top  of  the  stocking$.  the  waist 
urea  where  belts  or  underwear  constrict,  and  in  the 
armpit  area* 

Chiggers  do  not  suck  blood.  The  reddish  color  that 
is  characteristic  of  some  species — hence  the  name 
"redbug"—  is  due  to  pigments  in  the  mite's  tissue,  not 
to  blood.  Chiggers  inject  saliva  into  the  host's  skin. 
T  he  reaction  of  the  saliva  and  host's  flesh  forms  a 
feeding  tube  fstylostome).  This  feeding  tube  is  filled 
with  lymph  and  partially  digested  tissue  which  the  mite 
sucks  up  as  food  In  some  specimens  the  stylostome  is 
twice  the  length  of  the  engorged  chigger,  Severe  cases 
of  chigger  dermatitis  can  itch  for  a  week  or  longer  and 
he  as  irritating  as  acute  cases  of  poison  ivy  or  poison 
.sumac. 

Bird  mites  also  cause  irritation  and  annoyance. 
Chicken  mites  often  feed  on  people  who  work  either  in 
chicken  houses  or  in  live  poultry  markets.  Chicken  and 
bird  mites  may  swarm  from  pigeon,  starling*  and 
English  sparrow  nests  in  the  eaves  or  attics  along  the 
outside  of  buildings  and  crawl  through  doors  or 
windows,  or  through  openings  into  the  upper  oortion 
of  buildings,  and  bite  people. 

Tropical  rat  mites  fQrnithtjny.txtts  bacoti)  also  bite 
humans.  Very  often,  though  not  always,  persons  are 
bitten  when  the  usual  host,  the  rat.  is  not  available  to 
the  mites.  Frequently  such  attacks  are  associated  with 
death  of  the  rat  as  the  result  of  trapping,  poisoning, 
or  disease:  the  destruction  of  rat  harborage;  or  keeping 
rats  kiut  of  premise*  by  rat  steppage. 

The  straw-itch  mite  {Pvemate.%  verttricosus}  is 
normally  a  parasite" of  the  larvae  of  a  number  oi  borers. 


Outbreaks  of  straw-itch  mite  dermatitis  are  usually 
associated  with  infested  straw  and  are  most  common 
in  the  midwestern  United  States,  Two  of  the  largest,  of 
tnese  outbreaks  occurred  at  the  State  fairs  in  Indiana- 
polis, Indiana,  among  farmers,  visitors,  and  attend- 
ants, particular  1^4; H  students  who  had  show  animals 
bedded  on  infested  straw.  The  grain  and  cheese  mites 
are  frequently  found  in  tremendous  numbers  in 
flour,  graint  dried  fruits,  and  cheese,  particularly  when 
humidity  and  temperatures  are  high.  Some  of  these 
mites  cause  dermititis  among  persons  who  handle  the 
infested  foods. 

Infestations  of  Internal  Organs.  A  number  of  mites 
are  obligate  parasites  that  live  in  the  respiratory  tracts 
of  common  laboratory  animals,  such  as  dogs,  monkeys, 
and  birds.  Pneumonyssoides  caninum  has  been  found 
in  the  sinuses  and  .nasal  passages  of  dogs,  and  Pneu- 
monyssus  simicola  in  the  lungs  of  a  high  percentage 
of  rhesus  monkeys  used  in  laboratory  research.  The 
canary  mite  (Sternostoma  tracheacotum)  has  been 
found  in  the  trachea  and  air  sacs  of  canaries.  Other 
species  of  nasal  mites  in  the  family  rhinonyssidae  are 
found  in  the  sinuses  of  many  species  of  wiTd  and 
domestic  birds. 

There  are  a  number  of  reports  of  mite  infestations 
of  the  alimentary  canal  and  of  the  urinary  tracts. 
Laboratory  workers  at  the  Center  for  Disease  Control 
have  examined  samples  of  feces  and  urine  in  which 
mites  were  found.  Most  of  the  mites  in  the  fecal 
samples  examined  have  been  common  grain  and 
cheese  mites  in  the  families  Acaridae.  Glycyphagidae. 
and  Tarsonemidae.  Mites  of  these  families  infest 
vegetable  products  and  could  have  been  ingested  with 
food.  However,  it  seems  likely  that  some  of  the  fecal 
samples,  and  most  of  the  urine  samples,  had  been 
contaminated  by  mites  that  were  in  the  container 
packing. 

Intermediate  Hosts  of  Tapeworms.  Many  species  of 
beetle  mites  in  the  group  Oribatei  serve  as  intermediate 
hosts  of  at  least  13  species  of  tapeworms.  One  of  these 
tapeworms.  Bertietta  srudert  has  been  reported  at 
least  12  times  from  humans.  A  well-known  tapeworm 
of  sheep,  goats,  and  cattle.  Xfaniezia  expuma.  uses 
oribatid  mites  as  an  intermediate  host.  The  eggs  of  the 
tapeworms  are  ingested  by  the  mites*  and  during  the 
next  several  months,  the  tapeworms  develop  to  the 
infective  cysticeroid  stage  within  the  mites.  Herbi- 
vorous animals  feeding  on  vegetation  on  which 
infested  mites  are  crawling  easily  acquire  an  infesta- 
tion, and  the  tapeworms  develop  to  the  adult  stage  in  a 
period  of  several  weeks.  Oribatid  mites  probably  are 
the  intermediate  host  of  the  human  tapeworm 
d  XfestK  vst  o  ides ). 

Allergic  Reactions.  In  recent  *  years,  research 
workers  studying  the  relationship  between  asthma  and 
house  dust  have  discovered  several  species  of  house 
dust  mites  (genus  DermatophaRuides)  in  dust  from 
houses.  The  two  most  important  species  in  the  United 
States  seem  to  be  Dermataphagttides  farinae  and 
Dermataphagmde? pteronymnm.  They  are  abundant 
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in  dust  from  mattresses  and  bedroom  floors,  but  arc 
j  I  so  found  in  smaller  numbers  in  other  parts  of  houses. 
Annoyance,  Many  species  of  mites  invade  houses 
and  are  annoying  simply  by  being  therc^  they  do  not 
hite  man  or  transmit  diseases.  The  clover  mites 
fBru*hia  praeiimaj  frequently  infest  bouses  in  great 
numbers  and  annoy  householders,  particularly  in  the 
northern  half  of  the  United  States,  They  do  not  bite 
ma  n,  transmit  disease,  or  damage  foodstuffs,  but  their 
presence  is  disturbing.  They  often  swarm  by  the 
thousands  over  outer  walls  of  buildings,  particularly 
those  with  a  sunny  exposure,  and  make  their  way 
indoors  through  cracks  and  crevices  about  doors, 
windows,  foundations,  and  elsewhere,  They  swarm 
into  houses  in  the  tail,  seeking,  us  do  box  elder  bugs 
or  cluster  flies,  a  place  to  hibernate.  The  following 
spring*  they  become  active  again,  seeking  a  way  out  of 
the  house  and  back  to  the  growing  plants  on  which 
they  feed,  Most  clover  mite  complaints  come  from  new 
residential  areas  with  we  J 1- fertilized  Jawns  or  shrub- 
bery next  to  buildings,  where  the  mites  have  oppor- 
tunity to  build  up  large  populations.  They  migrate 
into  homes  as  cold  weather  approaches,  Usually 
householder*  report  myriads  of  "tiny  bugs"  literally 
coating  the  walls  as  they  attempt  to  swarm  into  or  out 
of  a  home.  When  crushed  in  linens,  curtains,  walls,  or 
woodwork,  they  produce  a  reddish  stain. 


Exercises  (6J3): 

L   is  the  most  important  disease  caused 

by  mites. 

1  The  first  symptom  of  scabies  is  

3.  Mange  mites  from  animals  can  Ike  on  humans  but 
jre   not   ahle  to    and  establish 


4r  Chillers  are  probably  the  most  important  group 

ol  mites  because  ihcy  transmit  the   

thai  cause  . 

5.  Cheers   are   also   suspected   of  transmitting 

ft.  Rickettsial  pox  is  transmitted  to  humans  by  the 

 mite. 

7.  The    and    mites  are 

frequently  found  in  tremendous  numbers  in  flour. 

grain,  dried  Iruits.  and  cheese. 
H.  Oribatid  mites  are  probably  the  intermediate  host 

of  the  


64*1.  Give  the  appropriate  term  for  given  definitions 
or  phrases  pertaining  to  mite*  and  their  suborders 


Mites  (jiH.er  m)  gTeath  I  rum  one  specie*  co  another 
thai  *i  short,  general  description  cannot  apply  to  all 
specie^.  I  herelore.  iuir  hrsc  descriptions  ;irc  huscd 
<<n  wriiVis  suhorders  nl  rimes. 

(jcntral  Classification  and  Description*  Miles  -ire 
mefnhcrN  of  the  class  Nraehmda  »uui  the  order  Sea- 
nmi    \  t>  pieal  icmuJe  mite  is  umijI1>  le^s  r 3iLm  0.5 


mm  tony:  with  a  suck -like  body  that  is  often  memhran-  \ 
i) us  or  membranous  with  hard  plates,  There  is  no  well- 
de  lined  segmentation  of  the  body,  The  head  region,  0 
known  us  the  capitulum  or  gnathosome,  has  cutting  ' 
structures  known  lis  chclicerae  which  bear  twoscis*or- 
like  blades,  culled  chelae,  that  Lire  used  for  biting. 
Miles  undergo  tour  stages  of  development— egg,  larva, 
nymph,  and  adult.  Six-legged  Larvae  hatch  from  the 
eggs,  molt,  become  eight-Legged  nymphae.  and  de- 
\elop  into  adults, 

Description  of  Mite  Suborders,  There  Lire  three  sub- 
orders of  mites  that  will  be  described  in  this  text  and 
each  of  these  suborders  contain  several  important 
maes. 

Suborder  Mesmtigmata,  These  mites  have  a  single 
pair  of  i piracies  lateral  to  the  legs —ti.su Lilly  associated 
With  an  elongated  peritrcme  (if  there  is  no  peritreme, 
the  mite  is  usually  a  highly  specialized  parasite  of  the 
respiratory  tract  of  vertebrates).  Hallers  organ  is 
absent:  ihe  hyposiome  is  neither  toothed  nor  devel- 
oped lor  piercing.  Representatives  include  such 
species  as  the  house  mouse  mite  { LiponwsyoitJes 
.\anguim'uj).  chicken  mite  (  Derwanyszus  gaHinae)> 
tropica)  rat  mite  {Ornithunyzsus  hue  a  it  tropical 
fowl  mite  (Qmithony&sux  bursa)t  and  northern  fowl 
mite  (Qrntihtm\\\sii&  .\yiviartim), 

Stfbonirr  Trombidijormes.  Mites  ot  this  suborder 
have  a  pair  of  spiracles  on  or  near  the  head  region 
(the  gnathosomc).  1  hecheliceraeare  usually  modified 
for  piercing:  the  palpi  are  usually  free  and  highly 
developed,  Haller's  organ  is  absent,  The  coxae  sel- 
dom form  conspicuous  internal  projections  beneath 
skin.  There  are  no  anal  suckers. 

Representatives  include  chiggers  (Trambhula  and 
allies  in  the  lamily  Trombieulidae).  gall  mites  (family 
I^ruipnv  udael,  follicle  mites  (Dt  moiiex  species), 
straw-itch  mites  ( Promotes  venrrno,utf),  water  mites 
(Sidracarmu^  spider  mites  (Terranychus  and  allicsjt 
clover  mites  (Bryubiu  praetiosuh  and  other  mites 
{nivnhictt  Cheytetas*  Cheyleiieilti,  and  allies). 

Sahttrder  Sarvopajormea.  These  mites  have  no 
spiracles;  a  lew  have  a  system  ol  tracheae  that  open 
through  stigmata  and  ponvse  ureas  on  various  parts  ol 
the  body.  There  is  no  Mailer's  organ.  The  coxae  U?rm 
conspicuous  internal  projection*  beneath  the  skin  of 
the  venter  of  the  body  The  mouthparts  are  usually  for 
chewing;  rhey  hiive  strong  chelae.  The  paJpi  are 
simple.  Anal  suckers  arc  often  present. 

Some  representatives  are  the  mange  and  itch  mites 
fSarcopteA.  Sutoedrex,  Pjniropres},  house  dust  mites 
f  ih'rmatopfmgohtex ),  cheese  mites  (Tyraphagus, 
Calo^iphyutA.  (jlycyptiui*us)t  feather  miti;s  (Analgesi- 
dac).  and  hair  mites  iLisiropboridae.  Sfynvoptes  of 
mice), 


Mite  class. 

Mite  order. 

Head  region  oj  mites. 

Scissor-like  hlade^  used  tor  biting 


1>> 
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5.  .  hi iu r  stages  of  mitt;  development, 

f>.   Representatives  of  [his  suborder 

include  Lhe  house  mouse  mite  and 

chicken  mile. 

7.   Representatives  include  ehiggern 

and  water  mites, 
x.   Representatives      include  the 

house  dust  miles,  cheese  miles, 

and  leather  miles, 


645,  Match  a  given  list  of  miles  with  the  appropriate 
given  descriptive  phrases. 


Itch  Mites.  The  itch  mite  is  a  very  tiny  mile.  The 
females  average  0.2  to  0,4  mm  in  length.  The  males 
are  somewhat  smaller,  Each  mile  is  oval  and  saclike; 
the  body  surface  is  finely  wrinkled.  The  mouth  parts 
contain  paired  palp*  and  chelieerae,  and  are  located 
at  the  anterior  end.  The  anus  is  Located  at  the  poste- 
rior end,  The  dorsal  surface  has  a  number  of  conspicu- 
ous blunt  spines  and  many  backward-pointing  triangu- 
lar scales,  The  legs  are  short  and  stocky,  the  two 
anterior  pairs  being  well  separated  from  the  two 
posterior  pairs.  Other  important  identifying  charac- 
ters are  given  in  the  key  to  common  mites  in  Ap- 
pendix B. 

1  hv  female  burrows  beneath  the  outer  layer  of  skin 
and  lays  her  eggs  in  the  sinuous  tunnels  that  she 
excavates.  The  eggs  hatch  into  larvae  that  have  six 
Legs,  The  larvae  become  nymphs  (with  eight  legs), 
and  finally  the  nymphs  become  adults.  The  adults 
Live  about  a  month.  Scabies  mites  occur  most  com- 
monly in  tiny  papules,  particularly  in  the  webbing 
hciwccn  the  lingers  and  in  the  folds  of  the  skin  ut 
the  wrists.  Positise  identification  is  made  hy  excising 
a  tiny  bit  of  flesh,  treating  it  with  10  percent  sodium 
hvdroxode  or  potassium  hydroxide  solution,  and  ex- 
amining the  tissue  on  a  slide  with  a  microscope  that 
hiis  a  magnification  of  ItJt)  diameters  or  more*  The 
short,  stubby  legs,  the  triangular  scales,  and  the  peg-  * 
like  spines  on  the  back  are  easily  seen  in  good  prep- 
arations. 

Chijgers,  Chiggers  teed  on  people  and  other  \eric- 
hratcs  onh  in  the  larval  stage.  1  hey  have  the  follow- 
ing developmental  stages;  egg.  deuiuHim,  larsa, 
nvmphoehrysalis,  nymph,  imagochrysalis,  and  adult. 
On  humans  they  attach  in  those  areas  of  the  body 
where  clothing  fits  tightly,  as  at  the  ankles,  waistline, 
and  armpits.  As  a  rule,  the  ]arva  feeds  only  once, 
sucking  lymph  and  partially  digested  skin  tissue  ( not 
hlooduhrough  its  stylostome.  The  nymphs  and  adults 
teed  on  the  eggs  or  voting  of  various  arthropods,  such 
as  mosquitoes  and  springtails.  not  on  humans.  Under 
optirnfm  condition*,  the  1  Lie  cycle  can  be  completed 
in  about  50  days.  In  most  «t  tht;  I  nitod  States,  there 
are  one  to  three  generations  a  year,  depending  on 
latitude.  But  breeding  may  be  continuous  on  the  ^uli 
cou*i  and  in  Florida.  Chiggers  teed  on  a  wide  variety 
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of  snakes,  turtles,  birds,  and  small  mammals  «u  well 
as  on  humans,  *s 

House  Mouse  MJtes,  These  mites  have  been  found  j 
from  Utah  and  Arizona  to  Boston  and  Washington, 
They  have  been  collected  by  the  thousands  In  apart- 
ment houses  where  house  mice  were  abundant.  A  few 
have  U-n  rollected  on  rats.  The  females  can  be  dis- 
tinguished from  most  other  bloodsucking  mites  by  the 
presence  of  two  dorsal  shields  (*iee  Appendix  BJ,  a 
large  anterior  plate  and  a  small  posterior  plate.  The 
protonymphs,  deutonymphs*  and  adults  suck  blood. 
The  house  mouse  mite  is  a  proven  vector  of  rickettsial- 
pox in  Massachusetts*  Connecticut,  New  York, 
Pennsylvania,  and  Ohio. 

Tropical  Rat  Mites.  The  tropical  rat  mite  is  often 
responsible  tor  severe  "rat-mite  dermatitis"  all  over 
the  world.  Females  are  usually  recognized  by  their 
scissor-like  chelicerae,  tlie  narrow,  tapering  dorsal 
and  geni to-ventral  plates  and  the  egg-shaped  anal 
plate  (see  Appendix  B)<  The  protonymphs  and  fe- 
males suck  blood  and  are  often  tremendously  dis- 
tended after  feeding.  This  characteristic  is  so  pro- 
nounced that  laboratory  workers  who  identify  rat 
ectoparasites  often  sort  the  swollen  tropical  rat  mite 
from  among  other  species  without  optical  aid*  and 
iben  confirm  identification  with  a  microscope, 
&  Chtcken  Mites,  This  mite  is  found  throughout  most 
of  the  world  on  domestic  fowl*  pigeons.  English 
sparrows,  starlings,  and  many  other  birds.  The  large 
dorsal  and  anal  plates,  short  sternal  plate,  and  needle- 
like  chelicerae  are  important  characters  for  identify- 
ing this  species  (see  Appendix  B).  The  chicken  mite 
is  one  of  the  most  common  species  that  cause  human 
dermatitis  in  houses,  on  chicken  ranches*  and  in  mar- 
kets where  chickens  are  sold.  Infestations  of  this 
mite  are  often  first  noticed  as  the  mites  crawl  about 
on  chicken  eggs.  Chicken  mites  are  intermittent 
eaters,  To  Iced  they  crawl  onto  the  birds  at  night  or 
when  the  birds  are  in  their  nest.  In  the  daytime,  they 
hide  in  cracks  and  crevices  in  chicken  houses,  or  in 
Hours,  walk,  and  ceilings  of  buildings  in  which  birds 
nest. 

Northern  Fowl  Mites-  The  northern  fowl  mite  is 
similar  to  the  tropical  rat  mite,  but  it  has  a  much 
shorter  sternal  plate.  This  plate  has  only  four  setae; 
the  setae  on  the  dorsal  plate  are  quite  short.  This 
species  is  common  on  domestic  fowl,  pigeons,  spar- 
row, and  starlings.  It  bites  humans  readily. 

Northern  luwl  mites  overwinter  in  bird  nests  (as 
those  of  barn  swallows  and  pheobesj  and  in  cracks 
in  buildings.  There  are  several  generations  each  year: 
the  buildup  in  populations  is  very  rapid.  In  poultry 
houses,  the  mites  prefer  to  stay  on  birds  most  of  the 
time,  but  they  have  been  found  on  eggs  and  in  litter. 
On  birds,  they  are  often  abundant  about  the  vent, 
tail,  and  neck;  there  they  suck  blood  and  may 
form  scabs. 

Tropical  Fowl  Mites,  This  miie  is  simi'ar  to  the 
tropical  rat  mite,  but  it  has  a  wider  dorsal  p1  we,  and 
i>  found  on  domestic  and  wild  birds  -  seldom  on 
rodents. 
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Straw  -tit  h  tmivy.  I  his  mite  is  normally  a  partite 
i*l  insects  thai  bore  i n III i  grain  or  wood,  It  sometimes, 
however,  bites  humans  severely.  Unfed  females  of  the 
species  ure  very  small,  bin  after  mating,  the  female 
hcLvmes  greatly  cnglurged,  They  arc  lht?n  easily 
visible  to  the  naked  eye,  resembling  a  tiny  pearl  be- 
cause ut  the  swelling  o\  the  hotly  behind  the-  Last  pair 
o]  legs,  f  he  first  and  second  pairs  ol  legs  are  widely 
separated  from  rhtr  third  and  fourth  pairs  The  club- 
shaped  hair  between  the  base  Lit  the  first  and  secund 
puirs  l>]  legs  in  an  important  characteristic  in  the 
identilicatmn  ol  this  mite  Nee  Appendix  B)r  A  single 
temaJe  mas  produce  200  to  300  eggs,  which  are  rc- 
Mined  within  the  body  until  the  ol  spring  have  pn>sed 
through  iill  stages  ol  development.  The  young,  males 
and  females,  arc  produced  vivaparoUsly  and  arc  sex- 
ualls  mature  at  birth.  Muting  takes  place  soon  after. 

Grain  and  Flour  Mites.  The  .gram  and  flour  miles 
itamily  \earidae  and  family  Tyroglyphidae)  are  tiny, 
and  pale  gray  oi  yellowish  white,  They  have  conspicu- 
ous, lon^t  hairs,  The  anterior  two  pair*  of  leg^  are 
Widely  separated  /rum  the  third  and  fourth  putr  of 
legs.  I  husL-  mites  «eed  on  a  wide  variety  of  organic 
materuil  and  are  sometimes  very  abundant  in  leaf 
rmildt  tlour,  h;ur  maifroses,  and  simihir  substances, 
1  ho\  cause  grocers"  itch  and  eopra  Ueli, 


Kxercises  (645): 

Miiich  i hi;  natnt;  ot  ihe  mites  in  column  A  with  ihcir 
Lurr^et  description  in  column  H, 


'U  h  niiie-i  .l    I  "k-  L h j  ^ic        *-,il  .in J  .umI  pLitev 

*  iiii^l'Is  -tUMfi  iK'i  nul  plaiL"  .j rid  niretJlir-liki: 
Mi-use  th-iikl-  ch^iiLtTJi1  ,if c  jiripurt.irx  oh-irjacu 
nine  un  idiTUiOing  tfm  tpwii: 

I  f  opical  fjt  h    I  his  n  j  wx\  tm>  rniU*  I  hi:  t  emails 

tnn it  n  2       u  J  mm  m  k-n^ih. 

*  hit  kirn  riute  I  hL-  males,  jre  Mimcuhjjt  -smaller 

S  i  irihft  n  tun  I  ^    f  hi^  nutc  iv  siinit.ir  hi  iht:  ifnpiLji 

mite  (  *t  mite,  hui  ri«*-*  J  mut'h  ^horcer 

1  rur»ital  Ts'^l  ^ttrfljl  plJK. 

ivut  tl    \Utsc  rnito  jrc  iin>,  jml  pale  grtiv 

Sir,iw-iith  '.dk-^Kri  white    I  hcv  hav tr  von- 

insit:  ->Pil  ui  >uv                       t  he?  ,mk*ru»r 

lir.jin  .mil  tuu  piiir-.  .it  k%!v  ,ifL"  h,s id u; K  u'p*i- 

llnur  'niu-v  :.nod  Iritfn  tht  'turd  .ind  I  ninth  p,ur 

^clnpmL'nttil  ^^lk^L'^  l-^jc.  JcJiiuum, 
UiT\ ,i,     ns  mpfiiiL'hrs  ns  mpti, 

imjjj:iiv!ir> ^alii,  ,inJ  jJmLi 

i  1  he  ltniLtltv  can  be  Jisiirtkruivhcd 
tnun  miM  mhtjr  hliiinjviickmg  mii^ 
h\  ihv  proenci:  ''I  iw**  Jnr^al 
--n it- JlI^  ,i  Uriit  *iniL"fii>i  pliitc  ,md  Li 
■«  -  It  1  L 1  p,«slt-ruir  pijlc 

J  i  Ml^  it> h i\  iirniLir  in  i!ul  ir.%p'tMl 
Mt  in 1 10  hi, i  h,is  ,j  i^nkr  din  t,il  [*l,itf 

"  t  L',,-.  -liiii'  fu'inviKV  .i  p-,1  r .i i l t L-  . i* 
Msei.1^    ttl,l»    ^ULrt.1   i  111  •  •   ,1    JMjH  mI 

irt'  t l' r\  -,inti,l  nin  Jtr^f  iTutinn.  :hu 


I  his  mtic  is  i  j  I  ten  rcspoiifiihlt  lor 
severe    "rm-miii1    ikrmwuti^r"  -ill 


644.  Complete  given  statements  concerning 
methods  used  ffir  conducting  mite  survey. 


the 
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Mhe  Survey  Methods.  Survey  methods  vary  with 
the  habits  of  the  species  being  investigated,  In  chigger- 
infested  areas  use  black  glass  plates  or  cardboard 
rcclangies,  Place  these  vertically  and  make  counts  at 
detinitc  intervals,  II  chiggers  arc  present,  they  will 
climb  to  the  upper  edges  und  congregate  there.  Test 
about  a  do/en  spots  to  locate  trouble  areas,  Use  a 
repellent  betore  you  start  the  survey  —otherwise,  the 
chiggers  may  find  you  before  you  find  them. 

Berlcse  funnels  are  frequently  used  to  collect  flour 
and  grain  mites  and  other  free-ranging  species,  such 
as  bird  mites  in  nesting  material, 

Estimates  of  chigger.  bird,  and  rodent  mite  popu- 
lation densities  can  be  based  on  dutu  gathered  by: 

Stunning  or  killing  animal  ectoparasites  (with 
ether  or  chlorolorm)  un  dead  or  trapped  animals, 
and  combing  Jor  bcaiing)  ihe  p;ira*ites  from  the 
animal  into  a  white,  enameled  pan. 

h.  Picking  the  mite*  ott  with  fine  forceps,  particu- 
larly in  the  case  of  chiggers  that  hzno  fastened  ic  an 
animul. 

i\  Placing  the  live  hosi  animals  in  cages  that  have 
wire  or  hardware  cloth  bottoms  so  that  any  mites 
chat  drop  oil  after  engorging  will  fall  into  a  pun  of 
sinter  put  under  ihe  cage.  (This  procedure  is  often 
used  to  collect  ehiggcrs  Irom  snakes,  turtles,  or  smull 
rodent*). 

t/,.  Placing  a  dead  host  animal  in  a  glass  jar  contain- 
ing wilier  and  a  detergent.  The  jar  is  shaken  thor- 
oughly to  separate  ectoparasites  from  the  animal.  The 
liquid  is  then  poured  into  a  funnel  containing  filter 
paper.  Any  mites  uiLl  be  strained  out  on  the  paper, 


Exercises  (646)v 

1.  Mite  survey  methods  vary  with  the  habits  of  the 
species  

2.  Black  ^lu.ss  plates  or  cardboard  rectangles  are  used 
to  survey  areas, 

j.  Berlese  funnels  ure  frequently  used  to  collect 
 and  miles. 


647.  Given  selected  techniques,  identify  Ihe  type  of 
control  being  used  and  the  mite  that  is  to  be  controlled; 
complete  given  statements  pertaining  to  the  chemical 
methods  used  for  mite  control* 


Mite  C  ontrol.  Mites  can  be  controlled  through 
environmental  methods,  including  sanitation, 
mechanical,  and  construction  and  maintenance 
controls,  as  well  as  hv  chemicai  methods,  The  meihod 
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used  depends  on  the  mites  to  be  controlled  and  the 
circumstances. 

Environmental  methods,  Rat  and  house  mouse 
mites  can  be  controlled  by: 

a.  Trapping  or  poisoning  rats  and  mice  to  eliminate 
the  source  of  the  blood  meale&ential  for  nourishment 
and  reproduction  of  miles. 

h.  Starving  out  rodents  hy  storing  garbage  and  food 
in  ra l proof  containers,  rooms  or  buildings. 

c  Keeping  rodents  out  of  buildings  by  rodent 
stoppage. 

Bird  mites  can  be  controlled  by: 

a.  Modifying  buildings  so  that  birds  cannot  enter 
or  nest.  (Give  special  attention  to  louvers,  gables, 
caves  and  attics — even  though  the  work  calls  for 
screening,  carpentry,  or  masonry.) 

h.  Trapping  or  poisoning  birds  to  eliminate  the 
source  of  blood  meals  for  the  mites. 

Clover  mites  can  be  controlled  by: 

a.  Removing  vegetation  near  houses  and  pruning 
shrubs  so  that  they  are  at  Least  a  yard  frOm  buildings, 

h.  Maintaining  a  strip  of  bare  ground  2  to  3  feet 
wide  around  buildings* 

Chigger  Control  depends  on  modifying  the  environ- 
ment to  permit  sunlight  and  air  to  circulate  freely,  thus 
drying  the  usual  damp  habitat  of  the  chigger.  These 
modifications  consist  of: 

at  Keeping  Lawns  and  gardens  closely  cut  and 
edged,  and  keeping  flower  beds  free  of  weeds. 

h.  Eliminating  tall  weeds  and  shrubs,  particularly 
blackberry  and  raspberry  bushes,  which  furnish  food 
and  shelter  for  the  bird  and  rodent  hosts  of  chiggers* 

c  Using  (in  scrub  typhus  areas)  mechanical  equip- 
ment, such  as  bulldozers  and  flamethrowers — thus 
reducing  human  contact  with  the  mites— to  clear 
campsites,  and  using  rodent  control  to  eliminate 
chigger  hosts. 

Grain  and  Hour  mites  can  usually  be  controlled  by: 

a.  Rotating  food  materials  10  remove  the  oldest 
items  first  (to  prevent  buildup  of  infestations), 

h  Ventilating  to  prevent  the  accumulation  of 
moisture  (miles  thrive  on  foods  that  have  a  moisture 
content  of  20  percent  or  more). 

c.  Eliminating  foci  or  infestations  (by  vacuum 
clean i tig  entire  warehouses* -with  attention  to  horizon- 
tal surfaces  such  as  beams  and  window  ledges). 

Chemical  methods.  Sprays  or  dusts  are  used  for 
residual  treatment  indoors  and  are  frequently  used  as 
spot  treatments  in  trouble  areas — around  windows 
and  doors,  at  the  tops  of  foundations,  around  plates 
and  at  the  ends  of  joists,  on  baseboards,  and  at  the 
edges  of  floors,  Dusts  are  usually  applied  at  higher 
concentrations  than  are  sprays.  They  are  placed  in 
voids,  in  louvers  near  bird  nesis*  in  rodent  runways, 
where  the  mites  wilt,  and  the  children  will  nut. 
normally  come  into  contact  with  the  insecticide. 


Residual  treatment  outdoors  has  been  used  for  the 
control  of  clover  mites  and  chiggers  especially,  but  less 
commonly  on  the  outside  of  buildings  for  control  of 
bird  and  rat  mites. 

Fumigation  control  of  flour  and  grain  mites  is 
difficult  and  should  be  carried  out  only  by  a  certified 
pest  control  operator  All  fumigants  are  very  poisonous 
and  should  be  used  only  by  qualified  operators  and 
only  according  to  the  directions  on  the  fumigant 
container's  label. 

Sulfur  has  long  been  used  as  a  chigger  repellent* 
Although  the  results  are  variable*  it  has  often  given 
control  when  dusted  into  socks,  underwear,  and  Outer 
clothing.  Children  at  summer  camps  often  prefer 
sulfur  to  some  Of  the  new  repellents  that  have  a  dis- 
agreeable odor 

Many  mosquito  repellents,  such  as  Indalonc*  ethyl 
hexanediokand  dimethyl  phthalate  will  when  applied 
to  the  skin,  also  repel  chiggers  for  2  to  4  hours.  One  of 
the  best  of  the  newer  repellents  is  diethyltoluamide. 

Most  of  the  good  mosquito  repellents  are  also  effec- 
tive when  used  to  treat  clothing.  The  most  durable 
treatment  recommended  at  this  time  is  benzyl  benzo- 
ate,  which  will  withstand  twO  or  three  washings. 
M-1960*  which  contains  30  percent  benzyl  benzoate, 
withstands  one  or  two  washings. 

Persons  who  have  been  in  an  area  infested  with 
chiggers  can  kill  most  or  all  mites  that  riave  attached 
themselves  by  using  a  thick  lather  in  a  hot  bath  or 
shower  as  soon  as  possible  after  exposure.  After  the 
bath,  an  alcohol  rubdown  will  help*  particularly  on  the 
welts.  For  temporary  relief  from  itching*  compounds 
such  as  calamine  lotion  arc  available  at  most  drug 
Stores. 

Much  progress  has  been  made  in  the  treatment  of 
mite  infestations  on  humans  and  animals.  Sulfur 
ointment*  long  used  in  Jthe  treatment  of  scabies,  is  no 
longer  recommended  because  it  can  cause  a  dermatitis 
as  severe  as  that  caused  by  the  mites.  Best  results  are 
obtained  by  taking  a  hot*  soapy  bath  first,  drying  the 
skin  thoroughly,  and  then  applying  one  of  the  three 
following  remedies  to  all  the  body  below  the  neck. 
Kwell  cream,  or  a  lotion  containing  1  percent  gamma 
isomer  of  benzene  hexachloride  or  lindane;  Eurax, 
a  salve  incorporating  10  percent  \-ethyl-0-crotonto- 
luide  in  vanishing  creancer  12  percent  benzyl  benzo- 
ate* The  next  day  take  a  bath  and  change  to  clean 
clothing*  night  clothes*  and  bedding.  Itching  may 
persist  for  several  days  and  is  not  a  sign  of  super- 
infection. It  is  important  that  this  be  understood; 
overtreatment  is  Common.  In  perhaps  5  percent  of  the 
cases  a  second  course  of  treatment  is  necessary  after 
an  interval  of  1  to  2  weeks. 

In  treating  scabies,  thoroughness  is  essential. 
Launder  every  piece  of  clothing  and  bedding  that  may 
have  come  into  contact  with  the  infested  person.  If  one 
member  of  a  family  or  group  of  persons  has  scabies, 
all  close  contacts  should  get  treatment. 
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Exercbe*  (647): 

1,  Given  j  technique  for  control  ling  mites  (column  A), 
smie  whether  the  type  of  control  is  environmental 
or  chemical,  and  name  the  mite  that  would 
control  (column  B). 


Healing  ctuihmfl  wiib  benzyl 
benzoate. 

Trapping  or  poisoning  budi 
la  eliminate  the  source  of 
blood  meali  Tor  the  mites. 


4, 


Column  ^ 


Starving  out  rodents  by 
storing  garbage  and  food  in 
rai  proof  comawiert,  r^oms. 
or  buildings 
Using  dicthyltoluamide. 
Maintaining  ii  strip  of  bare 
ground  2  in  ^^vwde  arnund 
buildings. 

Rtitaiing  food  materials  to 
remove  the  oldest  items  first. 
Keeping  la  urns  and  gardens 
closeJy  cut  and  edged  and 
keeping  flower  beds  frw  of 
weedi 


Control  Conimfkii 


Complete  the  following  statements: 
a.  Persons  who  have  been  in  an  area  infested  with 
chiggers  can  kilJ  most  of  all  mites  that  have 

attached  themselves  by  using  a  

in  a  or  as  soon  as  possible 


after  exposure. 
Fumigation  control  of . 


-and  - 


mites  is  difficult  and  should  be  carried  out  only 

by  a  pest  control  operator. 

For  controlling  mites  indoors  and  outdoors, 
you  should  apply  sprays  and/or  dusts  around 
 and  ,  at  the  tops 


of 


on 


of 


around  plates  at  the  end  of 
^    ,  at  the  edges 
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ANSWERS  FOR  EXERCISES 


*  HAMU.R  1 

i,  3,  y.  2a  21.  22. 

j  a.  1 1.  12 

Relef 

ene  e: 

k  25 

t*H)  - 

1 

ho,  Jistrato.  oijjjiHitfTh 

1  J 

mk> 

J  ti»%t-ftilrii%|1C,  rnnl-pilf  1W1C%  CLl^f 

I 

llumaru  human,  Ii^ina  i>rgan^m. 

n,  10.  23,  24. 

Mil 

4 

Vlcra^tes,  pneumonic;  pfciguc.  cbfrJi'rj,  ljphu«l 
giniurrhea  umdl  i^philli* 

*t.  J*[«i>CTu<iiunT;  anopriefc^. 

hr  Acgyptii  yellow  tcver:  Centra);  South  America, 

MN>  - 

1  he  iiir 

C  Dengue  fever. 

urn 

ft 

d.  Mild;  very  severe:  permanent:  ncrvouu  system;  death. 

e.  Serious;  50;  75;  fatally. 

NM>  - 

H 

^  enereul  dhej^ 

1.   Mj»»i»»ippiL  Wisconsiirj, 

rm  - 

*J 

g.  Milder, 

ID 

1  hrcc  ftrirrurv 

-h  Mam  reservoir. 

MK) 

1  1 

liLifM^v  mjJjfu,  ycilin*  lct:t\  dwruerv  i  and  ft  epi- 
demic typhu* 

i.   AnimuU;  reservoirs. 

j.  NcffijiiDcJea;  elephJntii^^K 

wx>  . 

i: 

V'irji  parasites,  Aedes. 

NW>  - 

13 

Melmnintrj,  friiilngiijlU.  Cak,x 

oOJ  - 

] 

Kour;        larva,  pupa  tund)  adult. 

MA)  - 

14 

Hn*tu/>Jan,  Anopheles 

601  - 

1 

Singly;  water  t 

N**  - 

\5 

fX)J  - 

1 

RemdiK  re^ch  the  wiiter 

NJI) 

In 

KiiAetiMl.  hiwiv  Umve 

f41^  - 

4 

3;  5;  tlnoUing  doe*  not  otuur. 

MHJ  - 

|  n 

Kjbtct,  plague.  luLiremi^  tpiiiled  t^tcr,  murine  l\  phtu 

603  - 

5. 

hree/ing, 

ItUUil  cffccpntlLltLv 

M*3  - 

ft 

Water, 

Amrruiiv  hum^in^  /uun<j>c^ 

MJ3  ■ 
«I3  * 

7 

Flowing  streiims;  open  waters. 

Tcmperaiute,  light,  mo^mcni,  dissolved  giiie^  and 

«JI  - 

►i    M^bttmcal     The  arthrcipud  ^cnt:^  js  J  ^chicle  lor 

|  Jnd  uthcrj  living  csrganjsm*. 

the  tfArt^ptirt  o|  the  dive^i:  organic  1  if;Ln>pchrt 

MKl  - 

Head,  thorax  (and)  nbdomen. 

i  tLLtir^  v*  h^n  ihe  nriciinisjTi  i>  lam^d  un  ihc  k'eT, 

M»3  • 

H> 

Amennac,  eye^  Und]  mouihpiins. 

hud^  h^j  t^i    nunUhpiJFtv  or  jUmtrntiirv  i\iridJ    It  is 

Mftl  - 

1  1 

Hcud;  ,ibdomcn;  HattLTved, 

tarried  from  pUces  of  tilth  lo  human  food  Or  the 

N)3  - 

i: 

human.  himself  and  may  be  deposited  m  the  icces  or 

«J3  ■ 

tt 

In  wat^r;  vcjrv  ,ictpe 

hi  rcgurgumion. 

N»3  - 

14 

One  dilv,  I  tr\t  ial^cKs. 

b  MioKiuhljI    Fhnc  jrtJhr^pc^d  vetlur  ^cr\c^  a>  j  hiM  ti>r 

f*)3  - 

]5 

SmaJL  Iriigik:  abdomen;  »Jny>;  long  sk-ndtrr  legs. 

tfit:  ul^ct)^  nr^ni^m    There  .ire  ^tircc  ivpe^  *>l  rim-, 

«I3  - 

Sn-h^ncJl:  ruemhranou^ 

totfiijJ  uan^mi^ion 

- 

1 7 

Ml  f'ropaguiiVe     J  he  putusiti^  multiply  within  the 

sector  but  undergo  no  change  in  form. 

] 

L  jbout  equal  numhtr>  arc  produced. 

1  ;i  *.  \  do^ievcJopmenul     The     rjjra^ilc  (JnJ^rgu 

WW  - 

n 

t 

change*  m  Urrni  *nhtn  lite  \evtttr  bu?  J<c  rtj>f 

Mhi  - 

Ll 

J,  Eheu  remain  near  f/K  hrctfdinif  p/jee* 

rntdtiplv 

MW  - 

4 

C 

i  U  ("viln^pi upo^iiliir     1  he      pyTduio  Lindtr^o 

MM  - 

5 

t. 

change  in  inrm  jnd  j|s<>  rnuluph 

WW  - 

h 

[.  mow.  but  not  jLI  require  a  blood  meal. 

hjirs,  tlies  cuckr^Athc.^ 

NW  - 

C 

M>>utripdrtv  tsetse  (lies 

htW  - 

^ 

1.  \.mou*i  spctiics  prcler  dihcrcrti  tio*ts 

k.    Miiiithp*an^  ->unle  Hies 

HM  - 

d  MeChjriKifcl 

^14  - 

10 

c    Hiin,  hnH*n 

I    KuKi-t^ML  tnk.  mil iv  i^s 

MI5  - 

1 

j 

^    1  hH  v.i.  tnrr,ph.  .iduil 

fiir5  - 
M)5  - 

NIJ  - 

i 

J    4,  15 

N»5  - 

4 

h 

NI5  - 

L-  ^ 

h 

J    ^  |h 

wif  ■ 

-  s  r  is 

N!^ 

d 

y  _ 

N>?  - 

- 

fU 
t  I 

J 

b,  J 

605  -  12,  c.  d,  b. 

60S  -  13,  a. 

605  ■  14,  f. 

605  -  15.  g, 

605  -  16,  5- 

605  -  17,  d, 


606-   [.  Malaria.  I 

60o-  2.  Houses:  humans, 

606  -  3,  5;  human  bloodr 

606  -  4.  Less;  unnoticed* 

606  -  5.  Malaria, 

606  -  6.  Breeding  places, 

606  -  7.  Dusk;  dawn. 

606  -  ft.  Sewage;  organic. 

606  -  February. 

606*-  JO.  Females. 

606  -  fl.  Eggs:  malaria. 

606  -  12.  One-quarter  mile. 


Wl  ■ 

607  ■ 

6U7  ■ 

trfJ7  ■ 

6*n  - 

607  ■ 

^607  - 
607  . 

607  , 
607  ■ 
007  ■ 
607  ■ 

60H  ■ 
ftOB  ■ 
608 

tm  ■ 

64J& 
6fJ* 
60S 
608 
tt)X 
60H 
N>K 
MJK 

609  ■ 
- 

fttw  - 
tm  - 
tw  ■ 

609  ■ 

6W  ^ 
6fW  ■ 

- 

609 
609  ■ 
o09  - 
M>9  ■ 


]  C 

1  c  ■ 

3,  1:  St.  Louis  encephalitis. 

4,  C- 

5,  1:  in  clusters  of  50  to  400  eggs, 

fv  I:  in  a  day  or  two;  8  to  10  days  required  for  completion 

oE  the  larval  and  pupal  stages. 

7.  L  some  kinds  do  not  require  a  blood  mcuL 

B.  C 

9.  1:  they  use  almost  aLJ  types  of  water. 

L0,  C. 

11.  I;  birds  are  their  Preferred  host. 

12.  C. 

E.  Three. 

2.  IJtters;  pests.  % 

3  Larval:  pupal. 

4..  Surtaec, 

5.  Virus:  Eastern  encephalitis. 

6.  Several  months. 

7.  The  next  spring. 

S.  Evening;  early  part  of  the  night. 

9  Light  trap  collcclion*. 

1U.  Tropical;  Honda;  Suuth  Tcx^s. 

f  L  Venezuelan  equine  encephalitis. 

12,  Water  lettuce, 

1,  f. 

2,  c. 

3  J* 

4  h 
5.  <|. 

*  «- 

?  c. 

!(.  d. 

9  1 

10.  b. 

11.  a. 

12.  t 

iVV 


n.  Dawn;  light  intensity  humidity, 
o.  Competing  light  sources, 
p.  Light. 

610-2.    a.  3.  * 
b.  t.  16  (depending  on  specie*  and  preferred  host), 
e.  I.  16  (depending  on  species  and  type  of  bait  used), 

d.  1.  4.  6.  7. 

e.  J.  6.  7.  J  J.  12.  J  J,  (4.  15.  14, 

f.  3,  5.  8.  ID. 

g.  |.  16  < depending  on  species  and  preferred  host). 

h.  2  (phis  some  species  of  Aedcs). 
i    2  (plus  some  species  al  Acdcs). 

61i  -  J.    a.  Aquatic  habitats. 

b.  Breeding  sites;  sampling  stations. 

c.  Larvae  per  square  Toot. 

d.  Spoons:  pipettes;  widemoulhed. 

e.  95;  70- 

f.  Dive  to  the  bottom. 

g.  Dips:  larvae, 

h.  I;  2. 

l  Certain  species, 

611  -  2,     a.  2.4,  6.  7.  9, 

b,  3, 

c,  3. 

d.  I. 

e.  5.  H. 


612  ■ 
612- 
612  - 
612- 
612  « 
612- 
612  ■ 
612  - 
612* 
612-  10. 
632  -  H. 
612-  12. 
6J2-  13. 
612  -  14. 


J.  Fish, 


Cisterns,  water  tanlfs.  garden  pools  (and)  marshes. 
Aeties  aegypii  and  albupirtus. 
Light-requiring. 
Permanent:  control. 
Removal;  vegetation. 
Chemicals. 

Air  currents  and  spotty  application:  leaves. 
Powders:  prehateh;  mosquito  larvae. 
Anaphcline:  culicine;  pupae. 
Irrigated  waters, 
U 1 t  ra-1  o  w-vo  I  u  me , 
Eggs,  Larvae,  land!  pupae. 
Tonic  effect;  suffocation. 

6L3  ■  I.  Ocean:  corrosive  action;  salt  sprays, 

6/3  -  \b  x  20:  16  x  23. 

613  -  3.  Outward;  automatic  closing, 

613  -  4.  Mosquito  bar:  temporary;  Tropics. 

613  -  5,  Net;  killed  by  hand. 

613  -  6.  Humans:  directions. 

613  -  7,  Late  afternoon:  ear'y  evening:  at  night;  early  morning; 

calm. 

6L3  ■  &.  5. 

613 -  '9  40. 

613  -  10,  Little;  nonthermal. 

613  -  II.  Rapidly, 

613  -  12  Temporary, 

Dl J  -  LV  Knockdown:  residual, 

613  -  14.  Film:  weeks:  rnonitiv 


CHAPTER  2 


MO  -  I 


Planning,  operation  (and*  csaluatiotr 
riiw  incidence  ot 

Manpower,  materials  land)  equipment:  jiMiticalion 

Simple,  menperiine 

Populations 

Domestic  animal, 

1  hroughoul  (he  test. 

Regular,  time  nl  da> 

West  Indies.  South  America. 

Sleeping  human*. 

Culejt  tarsaus. 

Gras>.i  vegetation.  , 


in.  ISartnulk. 


6t4 


614  -  2. 


614-3 


GU  -  4 
615  ■  I 


Su%  only  do  llici  annoy  and  bite  human*,  bui  they 
spread  and  create  disease  and  destroy  agricultural 
products. 

On  their  mDHihparts.  through  their  somuus.  on  their 
body  riairs.  un  the  sticky  pats  or  (heir  feci,  and  through 
the  intesnnal  tract  by  means  of  fly  facet. 
.Any  six  ot  the  following:  baeillary  dysentery,  infantile 
diarrhea,  typhoid  fever,  paratyphoid  fever,  cholera, 
^moehic  d>  sefitcrs  T  giardiasis,  iind  pin  worm,  round  iMirm, 
iind  tapeworm  inletttujis. 
fntesttnaJ  tm casts. 


615  * 

2 

1.  diJlerent  tpecich  ha^e  mnuihpuftt  adapted  for  dif- 

J. Blue  tongue  m  sheep. 

ferent  HCtlVllJCSi 

4,  Bathroom;  kitchen, 

615  ■ 

J. 

c. 

5  Blood  sucking. 

b\5  ■ 

4. 

1;  ihc  wings  iwaighl.  curved,  or  angled)  arc  used  in 

6,  Long  legs. 

identification. 

7T  Spurs;  hind  tibiae. 

MS 

5, 

1:  taur  siagps  (egg,  larvae,  pupa,  jnd  adult), 

8.  Mechanically;  intestinal  myiau^ 

ft/5  . 

ft, 

C. 

M5  - 

C.< 

ft22 

-  i. 

Lanal  survey* 

fc22 

_  2. 

Aduli. 

&I6  - 

I 

DomcMJc;  association. 

n22 

-  3. 

Baited  trap;  cone  irap. 

6J6 

2t 

Homes:  reiirauranK. 

622 

-  4 

Bitter  iologtcal;  v if  o logical. 

3. 

ft.  20, 

622 

-5. 

Fly  papulations, 

Mo 

4. 

4;  20. 

622 

-  6. 

Fly  gfilL 

5, 

Pise;  500. 

b22 

-  7. 

Environmental  ^aniialian. 

MC> 

6. 

Pupa:  lood. 

Mf> 

7. 

Wjirm:  moiiit:  organic. 

623 

-  1. 

Ljmued;  physical:  biological. 

6|fc 

K 

Fccft;  organic. 

623 

_  i 

Reproduction:  monality. 

bit 

.  4 

Wjdc  vorictv;  balanced  did. 

623 

-  .1, 

Fl>oJ,  water,  (and)  shelter. 

-  10> 

623 

■  4. 

Parasite*:  predators. 

M6 

-  11 

Hahjual  resiling  places. 

ftlfc 

-  12. 

4,  ft,  20. 

624 

-  U 

True. 

hl6 

-  u 

Food;  waier;  temperature. 

&24 

*2. 

Fate. 

bit 

-  14 

45"  F(7,2K*  Cj 

624 

-  3. 

True, 

h\h 

If 

J2fl  F.  (0°  C);  r  I  J"3  V  (44.80°  C  ) 

624 

-  4r 

False. 

filfc 

•  J6 

High. 

624 

-  5. 

True. 

olti 

-  r 

Toward  Light 

624 

-  ft. 

True. 

- 1» 

Air  L'urrcms;  extremel)  windy 

&25 

Environmental  ^annation. 

-  19 

Fungi,  bucieria,  pruttvoa.  roumivHirmv  arthmpod*. 

-  L 

amphibians,  repnl^,  birds  t  jnd  certain)  m^mnijlv 

025 

_  T. 

EtTecdtc  domciiic  fly  control. 

A25 

■  3, 

preveni  damage. 

M7 

-  i 

L, 

625 

-  4h 

L2  to  24. 

6R 

.  2. 

h 

fi2S 

-  5. 

Garbage  iind  rdii^e. 

-  3 

c. 

-  6. 

Compacting;  ft. 

-  4 

d. 

-  5. 

a, 

*26 

-  ). 

1  b. 

2.  c 

MH 

-  1 

I  lircr,  thfifux.  l  linker  hoard,  ibdonvn;  rtdJirih  brown. 

X  I. 

Mcatv;  an j ma  1  earca^1*^ 

4.  j. 

.  3 

I.iv  i  np  In  f>  ac 

S.  c. 

<S  |  n 

-  4 

H  umans.  mink,  \a\. 

ft  d. 

-  | 

1  h 

62fr 

1.  HnUsdlie^ 

2  d 

1  Prolong  majkimum  etUftiviZfios 

c 

}.  |l>  sugar.  Jitractant. 

4  a. 

4  3  to  4.  . 

5  L" 

5.  Ne*er  teen  sc/y  >Ui:cC!^luJ. 

1    Caucus  them  to  ^wdl.  wiih  inagjiLii-. 

hnod  scntLe  ftiahhrihments. 

2  Disease  organisms;  houscfties. 

1  1  S  to  20 

ft27 

-  1. 

High  level;  eirnrtmmeniaJ  ^nttatio 

4  Kvur% 

t 

\umber  one  requirement. 

5   Ci  to  10 

-  } 

Maintain  the  gain. 

n    -\rumjl.v  humans.  lalifl  VrTicricu. 

f.27 

-  4r 

Regular;  entomofi^v 

*>2(J  ■  I 
f-2M  *  2 
rOi  ^  r^ 

*:u  -  ■* 


Mmjsh.  human  cse 


CHAPTER  3 

fi2H  -  I      Mark  h,  c.  e,  h.  I  with  an  \ 

U  iJctcte  the  word  "nut." 

1    Change  h  in  24 

^r  Change  la>  ui  "duo  nut  ]j>  h' 


f>:y  - 

I 

Eienal 

*  1 

Head. 

4  k 

^2^  ■ 

*  ,i 

hirj  - 

1. 

c. 

'  in 

c 

^  i 

^  h 

fclh  - 

d 

Em  j 

ton  - 

h 

1  !  h 

tiMt  - 

1 

i:  j 

f>llj  - 

,1 

^30  - 

h 

^3f^  - 

2  KcdiiLfLl 

Hi 

ERIC 


4? 


630  -  11,  c. 
630  -  12-  f, 


63i  -  i, 

63 1  -  2. 
Ml  -  1 

632-  I. 

6^2  -  2. 

632  -  J, 
632  -  4, 
632  -  5. 
632  -  h 
632  -  7, 
632  -  W, 
632-<>, 


633- 
633- 


635 
635 
635 
635 
M 
635 
635 
635 
635 
635 

636 

636 
636 

637 
63? 
637 
63  7 

63  X 

63M 
63  M 

63a 

63  M 


I. 


634  -  I 

634  -  : 


Stcch  bags:  fleas. 
Ftnc-toothed;  pan. 
Oriental  rat  fleas. 

Pets;  premises. 

Plant;  dmts. 

Shaker',  hand;  rubbed. 

Breeding;  wcrfcly, 

Dichlorvos, 

Ronncl. 

Malaihion. 

Dusts. 

Plants. 

True  a.  v.  d,  c. 

b.  Changr  rOnnci  to  dimethyl  phthaJatc, 
t.  Change  rural  areas  to  buildings 

CHAPTER  4 

True  b,  c,  c. 

a  Change  crah  t*i  hod), 

d  Ltcc  trgg*  arc  attached  bv  'cement. 


O  re*  lih- white. 
Pubic. 
Hairs;  hodv 
Untie  J  v 


d. 
6 
d. 

RickeiiMUl.  bacterial.  •>pirochetul:  Colorado  tick  lever: 

le.uh  cattle  lever 

S  putted. 

Rabbit. 

Viral. 

PfoluJuanH 
Saliva, 


640  -  7.  Fail  to  iLirvivc. 

640-  B.  Only  one 

640-  9.  Engorgement, 

640  -  ID.  Propi  to  the  ground. 


1 


0| 


64i  -  i, 

Ml  -  2. 

641  -  J, 

642  -  I. 

642  -  2, 


642 

642  < 

642  ■ 
642  ■ 
642  ■ 
642  < 
642 


643  -  t. 
643  -  2. 
643-3. 
643  -  4. 
643  -  5. 
643  -  6. 
643  -  7 
643  -  S, 


646 
646 
646 


644-  I, 
644  -  2 
644  -  3. 
644 
644 
644 
644 
644 


Species  present:  lick  infestation;  control  is  needed. 

control  efforts. 

Pick;  ticks. 

Tick  drag  method. 

Steady  pull. 

Chloroform,  carbon  tetrachloride,  ether,  benzene,  vase 

Line  (or)  fingernail  polish. 

Saturate, 

LndalonCi  dicthylfoluamidc,  dimethyl  carbatc,  dimethyl 

phthalaie  (and)  benzyl  benzoatc. 

Diazinon;  dicldrin. 

Pick:  comb. 

Lindane." 

Dusu.  granules,  emulsions  (or)  suspensions, 
Removing  hosts. 

Scabies. 
Itching. 

Reproduce:  infestations 
Rickettsiae:  scrub  typhus, 
Epidemic  hemorrhagic  fever. 
House  mouse, 
Grain:  cheese, 
Human  tapeworm, 

Arachnids. 
A  carina. 

Capitillum  or  gnathoiome. 
Chelae, 

Egg,  larva,  nymph,  and  adult. 
Mcsosiigmata. 
TrombidiformciH 
Sarcoptiformcs. 


645  - 

1. 

b. 

645  - 

2 

C 

645  - 

3 

\\ 

645  - 

4. 

ir 

645  - 

5. 

a. 

645  - 

6. 

e. 

645  - 

7. 

& 

645  - 

M. 

h. 

645  - 

d. 

Being  investigated 
Chigger-inftf<ited 
KLolin  grain. 


647  -  ]       7V/V  of  Controi 

Xfitr  bring  dmtroiied 

6N  -  1 

.2,  c,  d,  t,  g,  i,  |  arc  IruC. 

1, 

Environmental. 

Rat  and  huuie  niuu^  miie. 

ft_VJ  -  1 

b  Change  hard  nek  lu  ^oli  tick. 

Chemical, 

Repel  diggers. 

c   Change  interchange  encored  and  unfed 

3' 

Environmental 

Clmer  mitc. 

h  Change  maic  to  lemale 

4. 

Environmental, 

Crain  and  Hour  mites, 

5. 

Environmental. 

Chiggers, 

640  -  J 

Egg.  larva,  nimph  land)  adult 

6, 

Chemical, 

Movqudu. 

6*1  -  1 

\U\\t  animal 

7 

Environmental. 

Bird  mites. 

640  -  1 

Several  das  ^ 

64T  -  2.  a. 

Thick  lather:  hot  bath:  ?>hn»cr. 

iVWj  *  4 

lemperdturc.  hurnidiiv  land  mhrr)  emmmmental 

h 

Flour:  grain;  certified. 

640  5 

tight 

YVindow;i:  doorv 

foundaimnjii  joints:  baseboards; 

roo  -  i* 

We^.  lung 

fltln  rv. 
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MULTIPLS  CHOICE 


(600)  Howh  many  bas ic  cycles  are  involved  in  the  transmiss  ion 
of  diseases  to. human  by  living  organisms?. 

a.     2.  c.  4, 

b-     3,        m  '  -d.  5> 

(600)     Which  q£  the  following  common  diseases  would 
most  likely  be  spread  by  the  air? 

a.     Pneumonic  plague.  c.  Cholera, 

b *     Typhoid  fever  *  d *    Gonor rhea* 

(600)  Which  of  the  following  would  be  classed  as  a 
host-parasite-vector  cycle  disease? 

a.    Malaria.  c.     Typhoid  fever, 

b*     Pneumonic  plaque.  d.  Cholera. 

(601)  Which  of  the  following  would  be  a  true  statement 
about  the  mechanical  transmission  of  vector-borne  diseases? 

a .  Dur  ing  transmission  the  par as  i te  changes  s  ignif ican tly . 

b.  During  transmission  the  parasite  multiplies  significantly. 

c.  As  a  mechanical  transmitter*  the  arthropod  is  simply 
a  vehicle  which  transports  the  parasite. 

d.  As  a  mechanical  transmitter,  the  arthropod  is  essential 
in*  the  life  history  of  the  parasite. 

(601)     Which  arthropod  is  probably  the  most  loathsome 
mechanical  transmitter  of  disease? 

a.     Mosquito,  Housefly* 
b ♦     Deer  £ ly .  d ,     Cock  roach , 

(60 1)  In  biological  transmission  of  disease  the  term 
cycle-pcopagat ive  refer  to  the  condition  in  which 

a.     the  parasites  undergo  no  change  in  form  within 
the  vector . 

b-     the  parasites  multiply  within  the  vector  but  undergo 

no  change  in  forms* 
c-     the  parasites  neither  multiply  nor  undergo  changes 

of  form  within  the  vector  . 
6,     the  parasites  undergo  change  in  form  and  also  multiply 

within  the  vector* 

(602)  What  genera  is  the  vector  carrier  of  yellow  fever? 

a.    Aedes.  Culex. 

b-     As tec.  d  .     Anopheles ♦ 
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B .      (602)     Which  of  the  following  species  o^:  mosquitoes 
transmits  malar ia? 

a .  The  aedes  alar k  i .  c.     The  anopheles  culex . 

b.  The  aedes  aegypti.  d.     The  anopheles  freeborni 

9.     (602)     Filariasic  disease  is  transmitted  from  person 
to  person  by  „ various  species  of 

a.  t  rats.    ^  c.  roaches. 

b.  flies.  d.  mosquitoes. 

10.  -   (603)     How  many  distinct  stages  do  mosquitoes  have  in 

their  1/ife  history? 

a •     2  •  c-     4 , 

b  •     3  •  d  •     5  • 

11.  C^03)     The  adult  mosquito  has  how  many  wings  and  legs? 

a.  One  pair  of  wings-three  pairs  of  legs. 

b.  One  pair  of  wings-two  pairs  of  legs. 

c.  Two  pairs  of  wings-one  pair  of  legs, 
d-  Two  pairs  of  wings-two  pairs  of  legs. 

12.  (603)     Which  statement  best  describes  the  eyes  of  an 
adult  mosquito?  -  ■ 

a.  One  large  eye  containing  many  eyes* 

b.  One  pair  of  large  compound  eyes . 

c.  One  pair  of  normal  eyes. 

d.  Two  pairs  of  normal  eyes. 

13.  (604)     Which  one  of  the  following  statements  about  adult 
mosquitoes  is  correct? 

a.  Only  the  female  bites. 

b .  The  male  lives  longer  than  the  female . 

c.  The  male  travels  further  than  the  female. 

d.  More  females  are  produced  than  males. 

14.  (604)     Which  species  of  mosquito  is  the  most  domes ticatedr 
breeding  around  human  habitations  and  only  flying  about 
100  yards? 

a .  Aedes  vexans ■  c.     Culex  tarsal is . 

b.  Aedes  aetgypti.  d.     Culex  pipiens. 
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IS-      (605)     Which  genus  of  mosquito  rcakes  up  half  of  all 
North  American  mosquitoes,  "*       more  than  500  species 
and  is  distributed  from  polar  'regions  to  the  tropics? 

a  -     Aedes  *  c .     Anopheles  - 

b,    Culex ,  d,  Mansonia, 

16.     (6Q5>     What  mosquito  is  the  most  important  salt  marsh 
species  and  one  of  the  most  severe  mosquito  pests 
Known? 

a  -     Aedes  aegypt i .  c .     Aedes  canadens  is  , 

b .     Aedes  dorsal  is  -  d .     Aedes  sol Z ic  i tans  * 

17-     (606)     Which  mosquito^  is  the  most  important  vector  of 
malaria  in  the  United  States? 

a.  Aedes  aegypt i*  c.     Anopheles  Ereeborni. 

b-     Aedes  dorsalis.  d-     Anopheles  quadr imaculatus , 

IS-     (606;     What  is  the  most  favorable  temperature  for  the 
development  of  Anopheles  quadr  imaculat us? 

a-     35  -  40O  p.  c.     65  -  90°  F. 

b-     55  -  60O  F.  d-     95  -  100°  F . 

19«     (607)     About  how  many  species  are  there  of  the  Culex 
mosquito?  ^ 

*    a-     30-  c.  3,000. 

b,  300-  d*  30,006- 

20.     (607)     which  house  mosquitoes  are  closely  eclated  and 
difficult  to  separate? 

a-     Northern  and  southern-  c-     Northern  and  western- 

b-     Eastern  and  western-  ■    d.     Southern  and  eastern- 

21-  (607)     Which  genus  has  a  habit  of  "singing"  that  is 
very  annoying  an  is  known  as  the  house  mosquito? 

a-     Aedes ,  c.  Anopheles* 

b-     Culex-  d.  Hansonla. 

22-  (608)     ,Which  genus  ot  mosquito  remains  below  the  water 
sur  f ace  throughout  the  larval  and  pubal  stages ,  obta  ining 
air  through  the  stem  of  aquatic  plants? 

a  -     Aedes -  c -     Anopheles  - 

b-     Culex-  d-  Mansonia\ 
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(608)  Which  mosquito  larvae  cannot  be  contiolled  by 
use  of  ordinary  surface  latvicides? 


a .  Aedes ,  c .     Anopheles . 
b*    Culex .  d,    Man son! a . 

24-  (609)     Which  species  of  Aedes  mosquito  breeds  in  irrigated 
pastures  of  the  west  and  is  now  the  number  one  pest 

in  the  central  valley  of  California? 

a-     Nigromaculis ♦  c_     Tormentot . 

b*     Inf irmatus -  d*    Dorsal  is . 

25-  (609)     Which  one  of  the  following  mosquitoes  has  spotted 
wings  and  is  the  most  common  culicine  mosquito  in  the 
United  States? 

a  *     Trior  nata  ,  c.     Conf  inn  is  . 

b.  Tnc  ideus .  d.     Dor  sal is ■ 

26*     (609)     Which  one  of  the  following    mosquitoes  has  been 

found  to  be  naturally  infected  with  the  virus  of  western 
encephalitis? 

a .  Culiseta  inor na ta .  c .     Psotophora  conf inn is . 

b.  Culiseta  incidens.  d.     Psorophara  ciliata* 
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(610)     When  determining  the  collection  method  to  be 

used  fot  collecting  adult  mosquitoes,  which  factor  would" 

be  considered  first? 


a.  The  time  of  the  year, 

b.  The  species  to  be  collected. 

c -  The  number  of  mosqu i toes  present ■ 

d.  The  number  of  personnel  available. 

23.     (610)     Which  class  of  mosquitoes  whould  most  likely 

be  detected  by  using  the  landing  rate  collecting  method? 

a  ,  Dangerous  vat  ieties. 

b,  Species  which  gather  in  small  numbers ■ 

c -  Day-biting  species  - 

d.  Tropical  species ■ 

29-     (610)     Which  of  the  following  mosquito  species  can  be 
effectively  trapped  by  carbon  dioxide  traps? 

a ,  Aedes  vexans.  c  *     cu lex  tot sol  is  - 

b.  Anopheles  f reebor ni-  d,     Culiseta  melanura - 
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30  -     (611)     Why  are  larval  mosnui^a  surveys  conducted? 

a.     To  determine  the  requirements  tor  adult  control 


measures. 

b-     To  determine  Xonations  which  personnel  should  avoid. 

c,  To  determine  specific  breeding  sites, 
d -     To  locate  adult  mosquitoes  - . 

31-     (611)     why  are  special  dippers  used  to  collect  mosquito 
larvae?  * 

a-     Because*  they  are. leas'  likely  to  disturb  the  larvae, 
b-     So  their  capacity  can  be  directly  related  to  the 

water  surface  area    being  examined . 
c-     So  they  will  attract  the  larvae  and  entrap  them, 
d      So  they  will  not  harm  the  larvae. 

32.  1611)     If  an  area  is  found  to  be  void  of  larvae  during 
one  collection,  what  should  be  done  on  future  collections? 

.  a.     The  area  should  be  bypassed. 

b-    The  area  should  be  searched  more  thoroughly. 
Cm     The  area  should  be  checked  again. 

d -     The  area  should  be  sprayed  before  taki  ng  a  new  sample . 

33,  (6X2}     when  is  chemical  control  most  important?  ^ 

a.  when  an  area  has  a  natural  growth- 
fa-  When  the  body  of  waLer  is  flowing. 

c -  when  the  larvae  are  too  numerous  for  other  methods  - 

d*  Following  floods  or  extended  rainy  periods. 

34-  (612)     which  one  of  the  following  chemical  formulations 
is  least  desirable  for  use  as  a  larvicide  in  bodies 

of  water? 

a .  Dusts  -  c-  Pellets. 

b .  Wettable  powders  *  d -     Granules . 

35-  (613)     Why  are  xylene  solutions  undesirable  for  residual 
sprays? 

a.  They  are  narmful  to  plants, 

b.  They  are  toxic  to  humans- 

c*     They  are  detrimental  to  screens. 

d.  They  ate  too  short  lived. 


36.     (613)     which  one  of  the  following  statements  is  true? 
a-     Extreme  care  must  be  exercised. 

b-     They  are  not  too  effective  when  safe  amounts  are 
used. 

c-     They  are  narmful  to  paint  and  furnishings- 
d -     They  are  saf e ,  convenient ,  and  effective  - 
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37*     £613]     Which  one  of  the  following  statements  concern 
space  spraying  is  true? 

a  -  It  is  effective  foe  one  month  - 

b.  It  is  not  effective* 

c-  It  is  effective  temporal ly - 

d-  It  is  effective  foe  one  season. 

38.     (614)  ~  Which  of  the  following  best  describes  the  disease 
carrying  ability  o£  flies? 


a*  They  are  mechanical  carriers. 

b  -  They  are  biological  carr  iers . 

c-  They  are  chemical  and  biological  carriers* 

d-  They  are  mechanical  and  biological  carriers- 

39*     (614)     Which  one  of  the  following  factors  of  fly  behavior 
is  of  the  least  importance? 

a  -  Annoyance  * 

b*  Bites* 

c<  Mechanical  transmission  of  disease, 

d -  Bio log ical  transmission  of  disease. 

40.     (614)     Which  of  the  following  are  susceptible  to  myiasis? 


a . 


Cattle, 
Horses , 


c.  People* 

d<    All  of  the  above. 


41-     (615)     How  many  body  regions  does  an  adult  fly  have? 


a  - 


c , 
d 


4. 
5, 


42,      [615)     How  many  stages  ace  thece  in  the  life  cycle  of 
a  fly? 


c , 
d, 


3. 
4. 


43-      (615)     what  is  the  common  name  for  the  lacvae  of  most 
flies? 


a . 
b. 


Maggots . 
Eggs, - 


c  *    Pupae , 

d -    Melamorphos  is , 


44-     (616)     which  one  of  the  following  Elies  is  considered 
the  greatest  threat  to  humans? 


a.  The  horsefly, 

b.  The  blackf ly. 


c-  The  housefly, 
d -     The  deer  fly . 
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45. 

(616 )     How  do  t"  Ly  larvae  regulate  thei  r  temperature?  >AO 

*  if 

a-     By  leaving  the  breeding  place- 

b  -     By  mov  ing  about  in  the  breeding  inater  ial . 

c-     fly  excreting  a  fluid  which  evaporatesP 

d .     By  a  built-in  temperature  control  system 

46. 

(616)     Which  one  of  the  following  food  ingredients  is 

required  in  order  for  horseflies  to  produce  eggs? 

a .    Calcium .                                   c.    Mi nerals - 

b.     Fiber,                                      d.  Protein* 

47. 

(617)     which  one  of  the  following  flies  is!  the  biological 

carrier  of  the  two  forms  of  Af r  ican  sleeping  sickness? 

a  -     The  tsetse  f 1/^ 

b-    The  stable  Ely. 

c.     The  false  stable  fly* 

d .     The  housefly - 

48. 

(617)     which  of  the  following  fly  species  help  to  control 

other  f ty  populations? 

a-     The  tsetse  fly  and  the  stable  fly- 

fa.     The  housefly  and  the  dump  fly_ 

c.     The  dump  fly  and  the  false  stable  fly. 

d .     The  false  stable  fly  and  the  housefly . 

49. 

(618)     which  one  of  the  following  features  is  an  unusual 

characteristic  of  the  flesh  fly? 

a-     They  breed  in  animal  flesh, 

b-     The  females  deposit  living  larvae, 

c _     They  ea t  animal  f lesh - 

d*     They  deposit  their  eggs  in  animal  flesh* 

50- 

( 619 )     What  happens  to  blowf  ly  larvae  after  they  leave 

the  breed  ing  mater  ial? 

a*     They  burrow  into  the  ground. 

b.     They  are  ready  to  breed. 

c-     They  bore  deeper  i nto  the  ma ter ial . 

* 

d-     They  leave  to  start  their  own  colony- 

51. 

[619)     Which  one  of  the  following  fly  species  is  active 

on  warm  winter  days  in  the  south? 

a_     The  blue  blowfly-                     c,     The  green  blowfly* 

b.     The  black  blowfly-.                 d.     The  bronze  blowfly. 

52- 

(615)     whicn  one  of  the  following  fly  species  is  a  parasite 

of  earthworms? 

a-     The  black  blowfly-                   c.     The  green  blowfly- 

b*     The  sccowworm  fly-                   dv    The  cluster  fly. 
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(619)  Why  ace  screwworm 
west  of  the  Mid^j  1 


iec-  :aore  difficult  to  control 


a  -    Because  tnere  is  such  a  large  expanse  of  land . 
b.     Because  they  ace  reintroduced  from  Mexico, 

Because  the  climate  is  ideal  for  the  screwworm* 
d.     Because  there  aco  so  many  more  animals  in  the  west, 

(620)     In  what  manner  does  the  female  bat  fly  deposit 
her  eggs? 


a . 
b, 
c  - 
d- 


Directly  to  a  warm  blooded  animal. 
Directly  to  the  ground, 

indirectly  to  a  warm  blooded  animal  through  water, 
indirectly  to  a  warm  blooded  animal  by  use  of  a 
vector  - 


55.     (&20>    What  kind  of  disease  do  the  rabbit  and  rodent 
bat  cause  in  humans? 


a.  Nasal  and  dermal  myiasis, 
b -  In test inal  my iosi s * 

c -  Tick  fever  , 

d.  Conjunctivitis- 

56.  ( 6 2 1 >     Why  are  eye  gnats  so  difficult  to  control? 

a-     Effective  insecticides  are  harmful  to  desirable 
plants  and  an  imals , 

b.  They  breed  in  remote  areas  and  are  hard  to  reach- 
es    They  are  parasites  of  desirable  animals. 

d-     They  breed  in  looose  soil  over  vast  areas  of  land, 

57.  (€21)     Where  do  filter  flies  create  a  very  serious 
problem? 

a-     Acound  swimming  pools. 

b.  In  large  eating  facilities. 

c ,  Around  sewage  treatment  plants ,  ■ 
d  >     In  water   treatment  f aci lit ies - 

58.  (621)     How  do  soldier  flies  check  the  populations  ol 
domestic  flies? 


a  > 
b. 
c  > 

d. 


By  eati  ng  housefly  larvae  - 
By  killing  adult  houseflies. 

By  keeping  pr  ivy  mater  ial  soft  and  unfavorable  for 
their  larvae. 

By  keeping  male  hou&ef lies  from  Hating  with  females 
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59,     (622)     in  w^lch  -jr*e  of  th*    f'  Hawing  locations  would 
an  insect  nc*t  survey  "e  used' 

a .  tn  an  eat  ing  f.  aci  1  i  ty , 

b.  In  an  open  dump* 

c,  In  living  quarters. 

d,  At  an  athletic  field, 

60*     (622)     How  different  species  of  flies  be  attracted 
to  a  bait  trap? 

a.  By  using  a  variety  of  baits. 

b ,  By  isolating  the  trap* 

c,  By  lighting  the  trap* 

d.  By  hanging  the  trap  off  the  ground. 

61,  (622)     why  is  it  difficult  for  flies  to  escape  from 
traps? 

a  *     They  become  frightened  and  d  isor  iented . 

b.  The  trap  contains  chloroform, 

c.  The  flies  are  killed  when  they  enter. 

d.  The  openings  are  on  the  bottom  and  flies  generally 
fly  up  to  escaped 

62,  (623)     Which  one  of  the  following  would  have  the  greatest 
effect  in  limiting  a  fly  population? 

a  *  The  chemical  controls  used. 

b.  The  phys leal  and  biolog  ical  environment  . 

c.  The  long-range  weather  conditions, 
d*  Parasites  and  predators, 

63-      (624)     Which  one  of  the  following  control  measures  is 
cons  idered  niechan  ical? 

a ,  Spraying . 

b.  ,  Sterile  male  technique, 
c-     Parasites  and  predators. 

d .  Screening ■ 

64.  (624)     which  one  of  the  following  mechanical  control 
methods  has  no  effect  on  the  fly  population? 

a .  Trapping  *  c.     Screening . 

b .  Electrocut ion .  d  *     Swatting  * 

65.  < 6 25 )     Which  of  the  following  items*  when  used  alone, 
is  inadequate  for  the  storage  of  refuse? 

a.  Plastic  bags, 

b .  Me£al  garbage  cans . 

c.  Plastic  garbage  cans. 

d.  Metal  bulk  containers* 
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66,     (6/*i)     Which  on^        th*»     foljow-  ,y  procedu*       ia  not 

ronsiderftd  a&  a  sar. ;  t£L  ion  mr?thn,*  of  domestic  fly  control? 

a,     Refuse  disposal,  c.     Refuse  collection, 

h .     Spraying  and  £ogg  ing ,  d ,    Weed  control  * 

bl .     (t>2ft)     Why  is  it  necessary  to  identify  Ely  species  before 
applying  chemical  control  measures? 

a,  So  you  will  know  how  much  chemical  to  use. 

b,  Because  some  flies  are  desirable  and  you  don't  want 
to  kill  them, 

c,  To  determine  whether  to  use  a  residual  spray  or 
not  * 

d,  Because  some  flies  have  become  resistant  to  certain 
chemicals,  so  you  must  know  what  to  use, 

68,  (626)     What  precautions    should  be  observed  when  applying 
space  sprays? 

a ,  Do  not  use  indoors  * 

b.  Hake  sure  the  chemical  is  authorized* 
cm  Do  not  use  outdoors, 

d.  Do  not  use  more  than  once  a  day* 

69,  (626)     Why  has  flypaper  been  discontinued  as  a  means 
of  killing  flies?  ' 

a.  It  does  not  work  effectively. 

b.  It  attracts  more  flie^  than  would  ordinarily  be 
present . 

c.  It  is  unsafe  to  use* 

d.  Flies  have  become  immune  to  it. 

70,  ,  [627)     What  is  the  number  one  requirement  of  a  good 

fly  cpntrol  program?  /\ 

a,  Cooperation*  c*  Direction* 

b.  Coordination,  d.  Education. 

71,  (628)     What  is  the  main  objection  to  fleas? 

a.  They  are  pest  annoyances  to  domestic  animals, 

b.  They  contribute  to  the  breeding  o£  other  pests, 

c.  They  are  vectors  o£  serious  diseases* 

d.  They  are  annoying  to  humans. 

72,  (629)     What  is  required  by  a  female  £lea  oefore  she 
can  produce  eggs? 

a ,  A  blood  meal , 

b,  A  temperature  over  -  72°  F. 

c,  Plenty  of  organic  food. 

d ,  The  absence  of  sunlight* 
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73.  (630}     Which  orna  of  the  EM  lowing  flea:        the  chie! 
vector  of  bubonic  plague'? 

a.  The  human  flea, 

b,  The  Or  iental -  rat  flea, 
tf,  the  northern  rat  flea* 
d ,  dog  and  cat  flea . 

74.  (631)     what  is  done  with  rats  immediately  after  they 
are  captured  during  an  ectoparasite  survey? 

a.  They  are  killed. 

b.  They  are  placed  in  wire  cages. 

c .  They  are  anes thet  ized , 

d.  They  are  placed  in  cloth  bags. 

75.  (632)     What  usually  accompanies  the  treatment  of  pets 
for  fleas? 


75 


a.  A  short  period  of  illness  from  the  effects 
of  the  pest  ic ide , 

b.  Discomfort  from  increased  flea  activity, 

c.  Skin  irritations  from  the  pestic ide . 

d=    Human  infestation  from  the  fleas  leaving  the  pet, 

(632)  which  one  of  the  following  pesticide  formulations 
is  most  effective  for  outdoor  treatment  of  fleas? 


a . 

b. 


Emuls  ions  * 
Solutions  * 


c. 

d. 


Dusts . 
Sprays , 


r 


77, 


79, 


(633)  Which  of  the  following  would  you  most  likely 
use  to  control  fleas  aboard  an  aircraft? 

a.  DichLorvos.  c.     Red  quill. 

b .  War far  in .    t  ,  d .     Z  inc  phosph  ide . 

"(633)  ^^^To^achieve  a  complete  kill  of  oriental  fleas 
aboard  an ' unoccupied  a  ire raft  r  you  would  use 


a .  Aerosol . 

b.  Micronized  dust, 


d. 


Emuls  ions,. 
Fumigants . 


79.     (634)     How  many  stages  of  li^e  do  insects  with  incomplete 
or  gradual  metamorphosis  have? 

a  -     2 .  c .     4 . 

b.     3.  d,  5. 

SO-     (635)     The  number  of  eggs  the  head  and  body  lice  may 
lay  in  one  day  is 

a.  4  body  lice  and  9  to  10  head  lice. 

b.  9  to  10  body  lice  and  ,9  to  10  head  lice. 

c.  4  body  lice  and, 4  head  Lice. 

d.  9  to  L0  body  lice  and^*  head  licg. 
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82- 


(635)  The  total  li:e  cycle  of  he^d  and  body  iice  is 
usua 1 iy  completed  i n  about 


a . 
b. 


6  days. 
12  days, 


c.  18  days, 
d  .     24  days. 


(636)  Which  of  the  following  statements  is  characteristic 
of  the  crab  lice? 


a-  They  lay  their  eggs  along  thick  clothing  seams. 

b.  They  are  often  found  on  dogs  and  cats. 

c.  They  survive  briefly  away  from  host. 

d.  They  hibernate  during  the  winter  months* 

83.     (636)     Crab  and  body  lice  are  chiefly  spread  by 


84, 


b. 


humans  - 
rodents. 


c*  birds. 

d .     dogs  and  cats , 


(637)  Which  one  of  the  following  kinds  of  cloth  is 
preferred  by  body  lice  for  laying  their  eggs? 


a  - 
b. 


Rayon . 
Linen* 


c. 
d. 


Cotton. 
Wool . 


85.     (637)     When  delousing  clothing,  you  should    pay  very 
close  at tent  ion  to  the 
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67, 


B8. 


«9  , 


b. 


lapels . 
col lar s. 


c-  seams, 
d.  pockets. 


(637)     What  is  the  easiest  stage  of  head  lice  to  discover? 


a  ■ 
b. 


The  eggs. 
The  larvae. 


c.  The  pupal, 

d.  The  adult. 


(638>  How  long  must  a  tick  stay  attached  in  order  to 
transmit  spotted  fever? 


a . 

b. 


One  hour- 
Two  hours. 


c .  Three  hours . 

d ,  Four  hours . 


(638)     What  treatment  is  required  for  tick  paralysis? 

a.  Removal  of  the.  tick  and  administering  suitable  antibiotics* 
b-     Immediate  medical  attention  by  a  doctor. 

c.  Removal  of  the  tick  and  application  of  a  suitable 
an t  isept ic -  / 

d.  Remove  tick  and  apply  suction  to  remove  venom, 

r6  39)     Which  one  of  the  following  locations   is  least 
Likely  to  contain  large  numbers  of  hard  ticks? 

a  -     In  the  ground  around  small  vegetat  ion . 

b .  Shrubbery  areas . 

c  *     Areas  along  paths  - 
d*    Deep  woodlands- 
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90 ,      ( 6  39)     Nha t  i  s  meant  by  intection  through   inter  r up bed 
feeding? 


94 


95. 


a-     Biological  transmission  from  infected  *tick  to  healthy 
animals . 

b.  Mechanical  transmission  of  disease  by  a  tick  feeding 
on  an  infected  animal  and  then  feeding  on  a  healthy 
animal . 

c.  Biological  transmission  of  disease  by  a  tick  feeding 
on  an  infected  animal  and  then  a  healthy  animal, 

d.  Mechanical  transmission  from  an  infected  tick  to 
a  healthy  animal. 

91-     (640)     How  many  legs  does  the  seed  tick  have? 


b-  4, 


c  *  6, 

a*  s. 


92-     (640)      The  female  soft  tick  can  be  identified  bys 

a,  A  circular  genital  opening, 

b,  An  oval  genital  opening. 

c,  Its  large  scutum, 

d ,  I ts  nymphal  ins tar s , 

93,      (641)     One  method  of  determining  the  infestation  of 
ticks   is  by 

a,  checking  with  the  hospital, 

b,  spraying  and  collecting  the  dead  ticks, 
c*     using  a  tick  attracting  trap, 

d,     pickmg-the  ticks  frojn  the  host  animal. 

(641)     A  tick  drag  should  be  used  on  an  area  of  about 


a, 

b. 


25  feet. 
50  feet. 


c,     75  feet, 
d-     100  feet. 


(642)  Which  of  the  following  courses  of  action  would 
you  most  likely  take  to  help  control  tick  infestation 
in  residential  areas? 


a.  Spray  the  grass  weekly, 

b.  Cut  the  grass  closely, 

c.  Burn  the  qrass  yearly, 

d .  Remove  all  hosts  + 

96,     (642)     How  much  tick  repellent  is  needed  to  wet  a  complete 
uni  f orm? 


a,  1  pint. 

b,  2  pints. 


c ,  3  pints , 

d.  A  pints. 


97 ,      (64  2)     Which  o£  the  following  is  a  type  of  poison  bait 
used  to  controL  field  rodents  infested  with  ticks? 


a  +  Warfarin. 

b .     Polyethylene , 


c  Hexach lor ophene , 
d ,     Ni t ro-Ben^ene, 
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98,  (543)     Which  mite  Transmits  r icker ts ialpox  \o  humans? 

a-  Bird  and  chicken  mites, 

h.  House  mouse  mites. 

c,  Grain  and  cheese  mit£3- 

d.  Straw-itch  mites, 

99,  1643}     Which  of  the  following  mites  is  the  intermediate 
host  of:  certain  tape  worms? 

a-  Bird  and  chicken  mites* 

b-  House  dust  mites, 

c -  Beetle  mites . 

d.  Grain  and  cheese  mites- 

100,  ,  C 643 >     Which  mite  does  not  bite  man,  transmit  disease 

or  damage  foodstuffs? 

a*  House  mouse  mites  * 

b.  Bird  and  chicken  mites, 

c.  Ttchmites . 
d -  Clover  mites  * 

101,  (645}     Which  mines  are  tiny,  pale  gray  or  yellowish- 
white  and  have  conspicious  long  hairs? 

a,  Grain  and  f lour  mites , 

b,  House  mouse  mites. 

c ,  T tch  mi  tes  . 
d  *  Northern  fowl  mi  tes  * 

102,  (645)     Which.of  the  following  mites  is  normally  a  parasite 
of  insects  that  bore  into  grain  or  wood? 

a  +  Grain  and  f lour  mi  tes , 

b ,  St  raw- itch  mites, 

c ,  Tropical  fowl  mi  tes , 

d,  Nor  fchern  fowl  mi  tes , 

103,  (645)     Which  of  the  following  mites  can  be  identified 
by  its  large  dorsal  and  anal  plates  r  short  sternal 
plate r  and  needle-like  chelicerae? 

a.  Grain  and  flow  mites- 
fa  »     St  raw- i  tch  mi tos , 

c »     Chicken  mi  tes , 

d»     Tropical  rat  mites, 

104*     (646^     alack  glass  plates  or  cardboard  rectangles 
are  used  in  surveying  areas  infected  with  which  of 
the  following? 

a*  House  mouse  mites* 

b.  Bird  mites* 
c  *  Chigger s  * 

d,  Flour  and  grain  mites- 
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105*     (647)    which  ol  the  following  would  be  least  likely 
used  to  reduce  the  chiggar  population  in  your  yard? 

a.  Spraying  with  ethyl  h&xanediol. 

b.  Eliminating  tall  weeds. 
c<    Trapping  rodents. 

d.    Keeping  lawns  closely  cut* 
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Preface 


IN  THIS  VOLUME  OF  CDC  56650,  Entomology  Specialist*  you  will  learn  about 
venomous  arthropods  and  reptiles  as  well  as  some  significant  household  pests. 

Appendices  A  and  B  are  included  as  a  separate  inclosure  to  Volumes  4, 5, 6,  and  7. 

Please  note  that  in  this  volume  wearc  using  the  singular  pronouns  Aft  his  and  him  in 
the  generic  sense,  not  the  masculine  sense.  The  word  to  which  these  pronouns  refer  is 
person. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this  text* 
or  recommendations  for  its  improvement*  send  them  to  3700  TCHTW/TTGOX, 
Sheppard  AFB  TX  76311.  NOTE:  Do  not  use  tie  suggestion  program  to  submit 
corrections  for  typographical  or  other  errors* 

If  you  have  any  questions  on  course  enrollment  or  administration,  or  any  of  ECFs 
instructional  aids  (Your  Key  to  Career  Development,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise*  and  Course  Examination),  consult  your  education  officer 
training  officer,  orNCO*  as  appropriate.  If  he  can't  answer  your  questions,  send  them 
to  EC1,  Guntcr  AFS  AL  36118,  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance. 

This  volume  is  valued  at  15  hours  (5  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  August 
1977.  f 
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CHAPTER 


NOTE:  In  this  volume*  the  subject  matter  Is  developed  bv  a  series  of  Learning  Objectives.  Each  of  these 
carries  a  3-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for  you,  The  text  that  follows 
the  objective  gives  juu  the  information  you  need  to  reach  that  goah  The  exercises  following  the 
information  give  you  a  check  on  your  achievement.  When  you  complete  them*  see  if  your  answers 
match  those  in  the  back  of  this  volume,  if  your  response  lo  an  exercise  is  incorrect,  review  the  objective 
and  its  text. 


Venomous  Arthropods  and  Snakes 


IN  RECENT  YEARS  the  number  of  hospital 
admissions  due  to  bites  and  stings  by  venomous 
arthropods  has  exceeded  admissions  for  treatment  of 
snakebite.  The  arthropods  most  frequently  listecT as 
responsible  have  been  wasps,  bees,  ants,  caterpillars, 
spiders,  scorpions,  and  centipedes.  Only  about  a  third 
of  the  deaths  due  to  venomous  animals  in  the  United 
States  in  the  last  few  years  were  caused  by  snakebite; 
the  others  were  caused  by  venomous  arthropods. 

There  are  about  136  species  of  snakes  in  this 
country,  only  21  of  which  are  poisonous  and  likely  to 
cause  death.  At  least  one  deadly  species  of  snake  is 
found  in  every  state  except  Alaska  and  Hawaii. 

This  chapter  will  cover  the  importance, 
characteristics,  and  controls  of  venomous  insects, 
arachnids,  and  snakes.  .* 

1-1.  Arthropod  and  Reptile  Venoms 

Injury  from  venoms  produced  by  arthropods  and 
reptiles  is  a  common  public  health  hazard.  Millions  of 
people  within  the  United  States  are  affected  each  year 
by  the  venoms  thai  are  produced  by  these  creatures. 
This  section  covers  the  types  of  venom  produced  by 
arthropods  and  snakes,  the  mode  of  action  of  these 
venoms  and  how  these  venoms  Sft  introduced  into 
humans. 

800.  Provide  the  names  of  toxins  that  produce  given 
effects. 

Types  of  Venom  Produced  by  Arthropods  and 
Reptile*.  There  are  five  basic  types  of  venom  that 
arthropods  and  reptiles  produce' 

a.  Hemolytic  toxin, 

b,  Neurotoxin. 

t\  Urticaiing  toxin. 
U,  Vesicating  toxin. 
f.  Hemorrhagic  toxin. 

Most  arthropods  and  reptiles  in  the  United  States 
produce  a  hemolytic  venom. 


Mode  of  Action  of  Venoms.  Hemolytic  toxin 
causes  a  breakdown  of  red  blood  cells,  It  may  kill  large 
blocks  of  tissue  in  the  area  of  the  envenomization. 

Neurotoxin  is  a  systemic  toxin  that  affects  the 
nervous  system.  It  inhibits  reflexes  and  may  cause 
shock  in  severe  cases. 

Urticating  toxin  simply  produces  wheals  (raised 
areas}  on  the  skin. 

Vesicating  toxin  produces  blisters  on  the  skin. 

Hemmorhagic  toxin  prevents  the  normal  clotting 
ability  of  blood.  Thus,  itcausesa  reddening  of  the  skin 
in  the  area  of  envenomizatton. 

Exercises  (800); 

Provide  the  name  of  the  toxin  that  produces  each  of 
the  following  effects. 


1.  Inhibits  reflexes  and  may 
cause  shock. 

2.   Produces  skin  blisters. 

3.   Causes  a  breakdown  of 


red  blood  cells.  ! 

i 

30t,  Relate  given  envenomization  methods  and  v 
venom  types  to  the  appropriate  arthropods  and 
reptiles. 

Methods  of  Envenomization.  Most  envenomiza- 
tion occurs  through  stings  and  bites,  Other  methods 
include  pinching  and  contact.  The  methods  of 
envenomization*  the  types  of  venoms  introduced,  and 
the  producers  are  outlined  below: 

En  venomilotion 

\fe\hod  Toxirt  Producer 

Stings  Hemolytic  Insects:  wasps,  mud 

daubers,  yello*  jackets, 
tiorneis*  honeybees,  and 
bumble  bees.  Arachnids: 
scorpions. 

Neuroioain  Arachnids:  scorpions  Jiwo 

species  *ithin  the  L'5>. 
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£ff  vtnomiia  tion  T&xtn 

Sttihod 
Bite*  N  curat  t>  kid 


Contact 


Pinching 


Hemorrhagic 
Unletting 


Vesicating 
Hemolytic 


Producer 

Artchrudi:  blacfc  urktawt 
and  brown  widow*. 
Reptile*  coral  tntta. 
EmcctK  uheaJ  bup  (both 
heac  lytic  and  neurotonin). 
Insects;  bedbug  and  thripi. 
Irwectt:  puu  caterpillars.  10 
mot  hi.  and  uddfc-bacfc 
caterpillar!. 
Injects:  bliiter  beetles 
DiplopM  i:  miJUpedet 
Childpid*:  centipedes. 


generally  followed  by  swelling  and  reddening  of  the 
sting  area.  Some  people  are  naturally  immune  to  bee  V 
stings  and  won*t  swell  at  all*  while  others  will  swell  j 
excessively  and  be  confuted  to  bed.  In  some  cases,  the  ~\ 
effects  of  Me  stings  can  cause  nausea,  fainting*  and 
even  death.  O 

Carpenter  bees  are  more  important  from  an  <j 
economical  \  standpoint    than    from   a  medical, 
standpoint  because  they  cause  considerable  structural 
damage  to  wood  buildings. 

All  bees  can  be  a  severe  nuisance  pest  to  humans  at 
times. 


Exercises  (SOI): 

L  Match  the  producers  In  column  A  with  the 
envenom  ization  methods  and  toxin  types  in 
column  fi.  The  items  in  column  B  may  be  used 
more  than  once. 


Column  A 

Coiurrtn  B 

Yellow  jacket. 

a. 

Neurotoxic  bite< 

„^  2. 

Scorpion. 

h 

Hemolytic  sling- 

Black  widow. 

c. 

Vesicating  contact. 

  4. 

Bedbug. 

d 

Hemorrhagic  bite. 

Pus*  caterpillar 

e. 

Neurotoxic  iting. 



Millipede. 

r 

Hemolytic  pinch, 

  7, 

Centipede 

Urticating  contact. 

Coral  snake. 

1-2.  Bets 

This  section  covers  the  good  and  bad  aspects  of  bees 
in  relation  to  humans*  the  general  characteristics  of 
bees,  important  bee  families,  and  measures  that  you 
can  take  to  manage  bees. 

802.  Identify  given  statements  concerning  the 
beneficial  and  detrimental  aspects  of  bees  as  true  or 
false;  md  correct  the  false  statements. 


Exercises  <802>i 

In  the  space  provided  by  each  statement  below,  place  a 
C  to  indicate  a  correct  statement  or  an  I  to  indicate  an 
incorrect  statement;  correct  the  false  statements. 

  L   Bees  are  generally  more  beneficial  than 

detrimental  to  man. 

—  2.   Honeybees  are  more  beneficial  to  man  than 

bumblebees. 

—  3.   Food  production  is  one  of  the  least  beneficial 

aspects  of  the  honeybee, 

 4.   Beeswax  hardens  and  remains  useful  for 

years. 

  5.   Bumblebees  pollenate  plants  that  cannot  be 

polienated  by  honeybees. 

—  6.  Carpenter  bees  are  less  beneficial  than  honey- 

bees or  bumblebees,  but  they  are  also  less 
detrimental. 

  7.  Bee  stings  are  often  painful  and  cause  sick- 
ness  and   discomfort   but  never  death. 

  8.   Bees  can  be  severe  nuisance  pests  to  humans 

at  times. 


Bees  are  generally  more  beneficial  than  detrimental 
to  humans;  however,  the  degree  to  which  they  help  or 
hurt  depends  on  the  bee  species  and  location. 

Beneficial  Aspects.  Honeybees  arc  the  most 
beneficial  bees  to  humans  in  respect  to  food 
production.  These  bees  produce  honey,  and.  most 
important  of  all,  they  pollenate  crop-bearing  plants. 
Honeybees  also  produce  beeswax.  Beeswax  is  used 
extensively  as  a  sealant  because  it  docs  not  harden 
readily  and  remains  pliable  for  many  years.  Beeswax  is 
also  used  for  lubricating  bow  strings. 

Bumblebees  are  very  beneficial  to  humans  because 
they  pollenate  plants  that  cannot  be  polienated  by 
honeybees.  Some  plants  have  a  nectary  thai  is  so  deep 
Lhat  only  the  bumblebee  with  its  long  tongue  can 
cross- pollenate  them. 

Although  the  carpenter  bees  are  important  in  plant 
pollenation.  this  beneficial  as  peel  is  often 
overshadowed  with  its  detrimental  habits. 

Detriment*!  Aspects.  Honeybees,  bumblebees,  and 
carpenter  bees  are  all  important  from  the  medical 
standpoint.  The  hemotoxic  venom  causes  local  pain 


803.  Provide  the  names  of  the  bees  that  best  Jfc  given 
descriptions. 

Characteristics  of  Bees.  All  bees  are  insects 
belonging  to  the  order  Hymcnoptera  btit  not  all 
belong  to  the  same  family  nor  do  they  have  the  same 
characteristics.  Since  the  carpenter  bees  will  be 
discussed  in  another  volume,  only  the  characteristics 
of  the  honeybees  and  bumblebees  will  be  discussed 
here. 

Honeybees,  Honeybees  belong  to  the  family 
Aptdac.  They  are  characterized  by  their  construction 
of  vertical  combs  of  wax  and  the  fact  that  the  queen 
alone  cannot  start  a  new  colony.  There  are  several 
races  of  honeybees*  and  each  race  has  varying 
characteristics.  For  example*  the  Italian  bees  are  a 
gentle  race,  but  the  German  bees  are  agressive  and 
need  no  prompting  to  sting.  Fortunately,  the  Italian 
honeybees  are  more  prevalent  in  the  United  States. 

Honeybees  are  social  insects  that  tive  in  large 
colonies  that  may  consist  of  20,000  bees  or  more. 
Honeybees  have  a  distinct  social  order  that  is  known 
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as  a  caste  system.  The  castes  of  the  honeybee  consist  of 
the  queen,  worker,  and  drone.  The  workers  are 
actually  sterile  females  and  are  the  ones  that  are  most 
often  seen  scurrying  about.  These  workers  are 
approximately  15  mm  long  and  have  very  hairy  faces 
and  a  saclike  organ  the  pollen  basked  on  the  outer 
surface  of  each  hind  tibia.  The  pollen  basket  is  used  for 
transporting  pollen  back  to  the  hive. 

Bumbiebees.  These  bees  belong  to  the  family 
bombidae  and  generally  nest  inside  holes  In  the 
ground,  such  as  those  constructed  by  burrowing 
animals.  Bumblebees  live  in  colonies  during  the 
summer  but  only  the  queens  survive  the  winter. 
Bumblebee  colonies  differ  from  the  honeybees  in  that 
there  are  several  queens  in  a  bumblebee  colony  as 
opposed  to  only  one  in  a  honeybee  colony.  The 
colonies  also  differ  in  that  bumblebees  have  no  worker 
caste.  Thus,  the  undeveloped  female  queens  must 
carry  out  all  chores. 

Bumblebees  are  much  larger  than  honeybees  and 
their  bodies  are  hairier  They  do  not  have  pollen 
baskets  but  have  a  spur  on  each  hind  tibia. 

Exercises  ISM): 

Provide  the  name  or  names  of  the  bees  that  best  fit  the 
following  descriptions. 

t.    These  bees  belong  to  the 

ordei  Hymenoptera. 

2.    These  bees  belong  to  the 

family  Apidae. 

3.    There  are  several  queens  in 

this    kind    of  colony. 

4.  These  bees  generally  nest 

inside  holes  in  the  ground. 

5    These    colonies    have  no 

worker  caste. 

6.    This  kind  of  bee  includes 

gentle  Italian  bees  and 
agres  s  1  v  e    Ge  rma  n    b  ees. 

7    Undeveloped  female  queens 

must  carry  out  all  chores. 

8.  ,  These  bees  do  not  have  a 

pollen  basket. 


804.  Provided  with  situations  that  require  the  control 
of  bees*  state  the  techniques  that  would  be  most 
appropriate. 

Contrnl  of  Bees.  Since  most  bees  are  very 
beneficial  you  should  make  every  possible  effort  to 
control  them  without  harming  them.  You  must  also 
protect  yourself  10  keep  them  from  hurting  you. 

Fvrwnat  puitevtitm*  The  best  way  to  protect 
yourself  from  bees  is  to  avoid  them.  If  you  see  bees 
working  tn  an  area,  leave  them  alone  because  most  will 
not  harm  you  unless  you  disturb  them.  If  you  are 
involved  in  outdoor  activities,  check  the  area 
thoroughly  for  signs  of  bee  swarms  Or  hive*;  and  avoid 
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the  areas  that  are  occupied  by  bees  if  possible.  People 
that  are  allergic  to  stings  should  undergo  a  series  of 
desensitization  shots  to  increase  their  tolerance  to 
stings. 

Physical  removal.  Honeybees  can  be  effectively 
controlled  simply  by  transferring  established  colonies 
from  one  area  to  another.  To  remove  an  established 
colony,  expose  the  colony  in  order  to  cut  away  the 
combs.  Fasten  the  comb  portions  containing  brood 
Into  frames  With  cotton  string  to  entice  the  bees  into 
the  hive.  Keep  the  hive  for  a  couple  of  days  near  the 
entrance  to  the  area  in  which  it  was  established. 
Remove  swarms  of  honeybees  from  bushes  or  other 
exposed  areas  by  holding  a  white  cotton  cloth  beneath 
the  mass  and  raking  them  gently  away.  Afteryou  have 
collected  the  bees,  transfer  them  to  beekeepers  or  to 
open  fields. 

WTien  you  give  bees  to  beekeepers  or  collectors,  you 
solve  the  problem  of  controlling  them.  In  addition, 
you  do  the  environment  a  favor  and  you  don't  have  to 
kill  the  insects  with  chemicals. 

Collecting  honeybees  is  an  an  tiu:t  should  be  done 
only  by  experienced  people.  If  you  arc  inexperienced** 
and  you  must  remove  honeybees,  be  sure  that  you  are 
clothed  properly  and  are  wearing  a  bee  net  over  your 
head.  Wear  loose  fitting  clothing  with  the  cuffs  of 
sleeves  and  legs  tightened  over  gloves  and  boots  to 
prevent  the  bees  from  entering.Tie  the  bottom  of  the 
bee  net  securely  over  the  collar  of  your  clothing  to 
prevent  bees  from  getting  inside  the  net. 

Chemical  control.  Bees  are  generally  susceptible  to 
insecticides  (dusts,  sprays,  or  aerosols)  and  are  easily 
Controlled  when  they  are  swarming  or  when  the  colony 
is  exposed.  Since  bees  are  inactive  at  night  and  are 
massed  in  their  colony,  take  control  measures  in  the 
late  afternoon  or  early  evening. 

Control  of  bees  that  have  become  established  in 
inaccessible  areas  is  more  difficult  and  may  require 
several  treatments  in  order  to  kill  the  entire  colony. 
Insecticidal  dusts  are  more  effective  in  this  instance 
because  they  can  be  blown  into  the  area  for  workers  to 
carry  into  comb  cavities.  This  process  should  be 
repeated  weekly  for  2  to  3  weeks. 

Exercises  (S04): 

For  each  of  the,  situations  below*  state  the  control 
techniques  that  would  be  most  appropriate. 
1.    A  colony  of  bees  has  swarmed  and  is  infesting  a 
decorative  bush  outside  the  main  entrance  to  the 
commissary;  they  are  a  serious  threat  to  the 
commissary  patrons. 


2.  A  colony  of  unwanted  bees  is  nesting  in  arr  animal 
burrow  on  the  golf  course;  they  are  a  hazard  to 
golfers,  and  several  people  have  been  stung. 


1*3,  Wnipi 

At  times,  wasps  become  severe  pesu  to  humans, 
especially  when  they  build  nests  near,  in,  or  on  homes. 

This  section  covers  the  important  activities  and  the 
general  character iestics  of  wasps  as  well  as  the 
measures  that  you  can  use  to  control  them. 

805.  Complete  given  statements  concerning  the 
important  activhies  of  wasps. 

important  Aspects  of  Wasps.  Like  bees,  all  wasps 
are  medically  important  to  humans  because  of  their 
stinging  ability,  and,  as  with  bees,  the  reactions  of 
humans  to  their  stings  depend  on  each  person. 

Wasps  are  very  beneficial  to  humans  in  food 
production,  but  most  help  in  a  different  way  than  bees. 
Wasps  do  not  produce  honey,  nor  do  they  produce 
beeswax,  but  they  serve  as  p alienators  of  plants  to  a 
small  degree.  Wasps  are  more  important  In  food 
production  as  being  parasites  of  many  insects  that  are 
responsible  for  destroying  crops/ 

There  are  several  wasps  that  destroy  vegetation,  and 
there  are  others  that  parasitize  insects  and  arachnids 
that  are  very  beneficial  to  humans. 

Exercisers  (805); 

Complete  the  following  statements. 

1.  Like  bees*  all  wasps  are  medically  important  to 
humans  because  of  their  ability. 

2.  The  reaction  of  a  person  to  a  wasp  sting  depends 
on  the  

3.  The  most  important  aspect  of  the  wasp  benefit  to 
humans  is  that  they  arc  parasitizers  6f  many 

 .   that  are  responsible  for 

destroying  * 

4.  There  are  several  wasps  that  destroy   


dwellings  and  work  areas.  These  wasps  are  attracted  to 
sweets,  fruits*  and  meats.  They  may  actually  bite  off 
portions  of  foods.  This  attraction  explains  their 
presence  around  human  dwellings  and  picnic 
activities.  The  social  wasps  may  construct  mud  nests 
that  resemble  beautifully  fashioned  vases,  globes,  or 
mud  clods.  They  may  also  construct  paperlike  nests 
with  exposed  or  concealed  celJs.  These  nests  may  be 
found  around  the  eaves  of  buildings,  within  attics,  in 
shrubs,  brush  piles*  woodpiles,  in  holes  in  the  ground, 
or  under  objects  on  the  ground.  1 

Exercises  (S06); 

Place  a  C  or  an  I  in  the  spaces  provided  to  identify  the 
following  statements  as  correct  or  incorrect;  correct 
the  raise  statements. 

  K  Wasps  belong  to  the  order  Hymenoptera, 

which  is  also  represented  by  bees  and  ants. 


—  2.  The  purpose  of  the  ovipositor  in  the  female 
wasp  is  laying  eggs. 


 3.   Wasps  live  in  colonies  and  are  severe  pests  to 

humans. 


 4.   Wasps  that  do  live  in  colonies  construct  nests 

of  mud  or  a  paperlike  substance. 


—  5.  Wasp  nests  may  be  found  in  a  variety  of 
different  locations. 


806.  Identify  given  statements  pertaining  to  the 
general  characteristics  of  wasps  a5  being  true  or  fataej, 
and  correct  those  that  are  false.  | 

i 

General  Characteristics  of  Wasps.  Wasps  belong  to 
the  order  Hymenoptera,  which  is  also  represented  py 
bees  and  ants.  The  adults  have  two  pairs  of 
membranous  wings.  The  adult  females  have 
ovipositors  that  are  used  to  make  holes  for  depositing 
eggs  or  to  sting  humans  and  other  animals.  In  some 
wasps  the  ovipositor  is  very  promineni  and 
no  n  retractable:  in  others*  the  ovipositor  can  be 
retracted  into  the  abdomen,  completely  concealing  it. 

Most  wasps  '.hat  are  more  beneficial  than 
detrimental  to  humans  are  loners  and  do  not  construct 
massive  nests,  This  way  of  Life  might  account  Tor  the 
fact  that  they  are  not  considered  to  be  severe  pests  of 
humans. 

The  significantly  harmful  wasps  are  generally  social 
insects  that  build  large  nests  around,  on,  or  in  human 


807,  Complete  given  statements  concerning  measures 
that  you  ean  use  to  control  wasps. 

Wasp  Control.  Avoid  killing  wasps  simply  for  the 
sake  of  killing  them.  If  an  occasional  wasp  appears 
indoors,  the  occupantcan  control  it  by  letting  the  wasp 
out  or  by  using  a  common  insecticide  aerosol  bomb. 

To  control  wasps  that  have  established  nests 
indoors  or  outdoors,  you  should  treat  the  nests  with 
approved  insecticidal  dust  or  solution  formulations. 
Treat  the  nests,  at  night  when  all  the  wasps  have 
returned  to  the  nests  and  are  inactive.  Even  though  the 
wasps  are  inactive  at  night,  you  must  wear  protective 
clothing  and  a  head  net. 

Always  adhere  to  the  use,  application,  and  special 
precaution  instructions  on  the  pesticide  label  and/  or 
those  that  are  provided  in  Appendix  G  of  AFM  91-16. 
Military  Entomology  Operational  Handbook. 
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To  keep  wasps  from  entering  indoor  areas,  make 
sure  that  facilities  arc  screened  properly  and  that  doors 
and  windows  fit  snuggly  in  their  frames. 

After  you  have  treated  the  nesK  and  waspacUviiies 
have  ceased,  remove  the  nests  and  crush  them  10 
destroy  the  egg,  larvae,  and  pupae  stages.  Remove  and 
destroy  all  ne^ts  thai  you  find  in  the  winter  season  to 
prevent  their  reuse. 

Exerc(fre*{A07): 

Cnmplete  the  following  statements  concerning  control 
measures  for  wasps.  You  may  need  to  refer  to 
Appendix  A  fin  a  separate  inclosure) 

1.  Kilting  wasps  just  for  the  sake  oT  killing  them 
should  be  . 

2.  An  occasional  wasp  indoors  tan  be  controlled  by 


or  by  using  an  

),    Wasp  nests  should  he  treated  with  

or      at 


4,  Even  Though  wasps  are  inactive  at  night  you 

should  

when  treating  rtcsts. 

5.  After  nests  nave  been  treated  and  al!  activities 

have  ceased,  nests  should  be   

and  to  destroy  the  , 

  .  and   

stage*. 

6,  Nests  found  in  the  winlershould  be  

i&  prevent  their  . 

7.  The  proper  pesticides  to  use  for  controlling 
various  types  of  bees  indoors  or  outdoors  includes 

rif  ,    .  or 


S.    The  percent  strength  for  propoxur  used  to  kill 

bets  should  be  

*J     The  form  for  carboryL  used  to  kill  bees  should  be 


JO.  The  method  used  to  apply  resmctbrin  to  kill  bets 
is  let  


course,  the  effects  of  hornet  stings  depend  on  the 
individuals  that  have  been  stung,  as  in  cases  of  other 
HymenopCera  stings.  Hornets  arc  the  most  feared  of 
aJJ  the  Hymenoptercus  insects. 

Classification*  Hornets  belong  to  the  order 
Hymenoptera,  family  Vcspidac,  as  do  the  more 
common  pest  wasps.  The  hornet  that  is  most  common 
and  distributed  throughout  the  United  States  is  the 
baldfaccd  hornet  (Vesputa  Afacufatal 

This  species  is  a  large  (approximately  22  mm  Jong)i 
black  and  white  hornet.  The  thorax  and  abdomen  is 
much  broader  than  other  wasps  and  these  parts  arc  not 
separated  as  distinctly  as  the  thorax  and  abdomen  of 
other  wasps. 

Habits.  Hornets  construct  paperUke  nests  like 
some  other  pest  wasps,  but  the  nests  of  hornets  arc 
cnmplctcly  inclosed  with  a  paperlike  covering  and  may 
resemble  a  massive  oblong-shaped  ball  being  wider 
near  the  suspended  end.  The  nests  of  these  insects  arc 
often  attached  to  a  tree  limb  or  beneath  any  projecting 
surface. 

Control.  Hornets  can  be  controlled  effectively  by 
using  the  measures  previously  outlined  tocomrol  bees 
and  wasps. 

Exercises  (SOB); 

t.    Correct  any  incorrect  statements. 

a.  Hornets  arc  a  very  vicious  variety  of  wasp. 

b.  Hornets  arc  important  to  humans  from  a 
medical  standpoint. 

c.  The  sting  of  the  hornet  is  worse  than  ah  other 
bees  except  the  yellow  jacket. 

d.  Hornets  have  no  beneficial  qualities  in  respect 
to  humans, 

e.  Hornets  construct  large  oblong  nests  of  a 
paper-tike  material  and  are  inclosed. 

f.  Hornets  are  controlled  by  the  same  procedures 
as  other  bees. 


809,  Complete  given  statements  pertaining  to  the 
first-aid  treatment  of  Hymenoptem  stings. 


1-4*  Hornets  and  Firm  Aid  for  Stings 

*  Although  homem  in  all  actuality  are  wasp£,  they  are 
Included  in  a  separate  section  because  their 
characteristics  are  somewhat  different  trom  ihe  other 
types  of  pest  wasps. 

This  section  covers  the  characteristics  of  hornets, 
cmtrols  for  hornets,  and  the  first-aid  treatment  for 
h>me;joptera  Mrngs. 

Htm.  C  orrect  given  false  statements  pertaining  to  the 
importance,  classification,  and  habits  of  hornet, 

Importance,  Although  hornets  parasitize  certain 
inlets  and  arachnids,  their  danger  to  humans 
overshadows  their  smalt  degree  of  helpfulness.  These 
insects  are  very  vicious  and  inflict  vcf>  painful  sting*. 
e\,en  mure  naintul  than  the  yellow  [acket  waspt.  Of 


First  Aid  for  Hymenoptera  Stings,  Unless  you  have 
received  several  stings  at  one  time  or  are  allergic  to 
stings,  a  good  fi rsi-air  treatment  is  normally  sufficient. 
However,  if  you  have  received  many  stings  or  if  you 
are  allergic  to  stings,  you  should  receive  treatment  for 
shock  and  get  medical  help  as  quickly  as  possible. 

Unlike  the  wasp  and  hornet,  the  ovipositor  of  the 
bee  has  barbs  ort  it.  Therefore,  when  the  bee  uses  it  as  a 
weapon,  the  sting,  poison  sac,  and  other  parts  of  its 
anatomy  are  torn  from  the  bees  body  and  remain  in 
the  victim.  Thus,  the  first-aid  treatment  for  bee  stings 
differs  fro  pi  the  treatment  of  wasp,  and  hornet  stings 
in  thai  the  bee  sting  nUist  be  removed. 

To  remove  the  sting,  place  the  sharp  edge  of  a  knife 
biade  immediately  below  the  sting  entrance  and 
position  it  flat  against  the  skin  with  the  sharp  edge 
closest  \o  the  exposed, portion  of  the  sung.  Carefully 
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pull  the  blade  in  the  same  direction  as  the  angle  of  the 
sting  to  avoid  breaking  the  sting  off.  This  method 
prevents  squeezing  more  venom  from  the  poison  sac. 
DO  NOT  use  tweezers. 

Once  the  sting  has  been  removed*  apply  a  paste  of 
water  and  bicarbonate  of  soda  to  the  inflamed  area* 

NOTE:  Nevex-Vub  a  stflig^irea.  Rubbing  only 
speeds  the  flow  of  venom  into  the  blodh  and  increases 
the  area  of  inflammation. 

Exercises  (809): 

Complete  the  following  statements  pertaming  to  the 

first-aid  treatment  of  Hymcnoptcra  stings. 

L    If  you  are  allergic  or  have  received  several  stings 

you  should  obtain  _ 

as  soon  as  possible. 

2t    Treatment  for  a  bee  sting  differs  from  a  1 

or  sting  in  that  the  ^ 


must  be . 


the  area  of. 


3*    Since  the  bee  sting  has  a  poison  sac  attached  to  it, 
you  should  not  try  to  removeitwith 

4.  Medication  for  a  bee  sting  consists  of  a  

of  water  and  of   . 

5,  A  bee  sting  should  never  be  rubbed  because  this 

action  only    the  flow  of 

 into  the  blood  and  increases 


Spiders 

Tnere  are  only  a  few  spiders  that  are  dangerous  to 
humans  within  the  United  States,  but  spiders  of  all 
types  la  re  probably  more  feared  by  humans  than  any 
other] venomous  arthropod*  This  fear  of  spiders  is  a 
resnUlof  not  knowing  their  characteristics  and  not 
recognizing  the  few  species  that  are  dangerous. 

The  intent  of  this  section  covers,  the  general 
characteristics  of  spiders,  the  most  medically 
important  spiders  within  the  United  States,  spider 
habits  and  habitats,  as  well  as  measures  that  can  be 
implemented  for  managing  spiders. 


810.  Identify  as  true  or  false  given  statements 
pertaining  to  the  importance  and  potential  danger  of 
spiders,  and  correct  the  false  statements* 

Importance  of  Spiders.  Contrary  to  the  popular 
belief  that  most  spiders  are  poisonous  and  harmful, 
they  are  actually  more  beneficial  than  detrimental 
Spiders  occupy  a  wide  variety  of  ecological  niches, 
ranging  from  treetop  level  in  tropical  rain  forests 
(hunting  or  wolf  spiders),  to  positions  over  well 
defined  hunting  trails,  to  silk-lined,  underground 
runnels. 

All  spiders  are  predaceous,  feeding  largely  on 
insects.  Because  of  their  habits,  they  can  often  play  an 
important  role  in  maintaining  the  balance  of  nature 
and  limiting  insect  populations.  Dangerously 
venomous  spiders  occur  in  or  around  living  quarters 


where  people  brush  against  webs  or  are  bitten  while 
putting  on  clothing  in  which  spiders  are  hiding. 

The  most  important. species  are  members  of  the 
genera  Atrax  in  Australia;  Harpactirelfa  in  South 
Africa;  Chiracamhium  in  portions  of  the  Far  East  and 
the '  Pacific  Islands;  Glytocranium.  Phoneutria. 
Pamphobeteus.  Ctenus*  and  Lycosa  in  some  portions 
of  South  America;  and'Loxosceies  In  South,  Central,/^ 
and  North  America.  The  most  important  species  thaf' 
occur  within  the  United  States  belong  to  the  genetb  f 
Latrodectus  (widow  spiders)  and  LoJcoceles  (brown 
spiders).  *  j  ' 

The  important  spiders  within  the  genus  Latrodectus 
include  the  black  widow  (Latrodectus  mactbns), 
brown  widow  (Latrodeaus  geometrtces)>  red  yvidow 
^Latrodectus  btsHopil  and  the  Northern  /widow 
(Latrodectus  variolus).  / 

The  brown  recluse  [Loxaceles  rechtsa)  &the  only 
poisonous  member  of  the  genus  LoxoceUse  that 

*  occurs  within  the  United  States.  / 

The  most  imponant  poisonous  spid*r  within  the  -' 
United  Statesls  the  blackjvidow  spider,  (T  he  bite  of  the 
female  black  widow  spideV,  although  npi  as  imponant 
as  generally  believed,  can,  produce  death,  the  death 
rate  running  approximately  5  percent.  Although  Very,*, 
young  children  or  the  very  aged  are  supposed  to  be 
most  susceptible  to  black  widow  spider  venerea,  moSt 
US  deaths  occur  among  males  bitten  in  the  genital 
area,  usually  whilcusing  outdoor  pYivics*  The  majority 

£  of  deaths  in  this  country  are  among  migrant  workers  in 
the  California  vegetable  fields.  The  male  black  widow 
spider  has  very  little  venom  ai/d  the  mouthparts  are 
not  strong  enough  to  penetrate  human  skin. 

Both  sexes  of  the  brown  Recluse  are  capable  of 
inflicting  poisonous  bites  to  mammals.  The  typical 
reaction  following  a  bite  "by  the  brown  recluse  is 
necrosis  (killed  tissue)  at  the  site  of  the  bite.  The  victim 
may  not  be  aware  of  being  bitten  for  2  or  3  hours,  or  a 
painful  reaction  may  occur  innncdiatcly.  A  stinging 
sensation  is  usually  followed  by  intense  pain.  A  small 
blister  usually  rises  and  a  large  area  around  the  bite 
becomes  congested  and 'swollen;  The  patient  may 
become  restles^  J  feverish,  .and  ,havc  difficulty  in  „ 
"sleeping.  The  local  pain  i&  frequently  quite  intense  and 
the  area  surrounding  the  bite  remains  congested  and 
hard  to  the  touch  for  some  time.  The  tissue  affected 

^Jocally  by  the  venom  is  killed  and  gradually  sloughs 
away,  exposing'  the  underlying  muscles.  Tftc  edges  of 
the  wound  thicken  and  are  raised  while  the  central  area 
h  filled  by  dense  scar  tissue^Jiwiing  takes  place  quite 
slowly  and  may  take  6  tp  8  weeks.  The  end  result  is  a 
sunken  scar  which  has  been  described  as  resembling  a 
hole  punched  or  scooped  from  the  body.  Scars  ranging 
from  the^i2c  of  a  penny  to  a  half-dollar  have  been 
reported.  The  necrotic  condition  described  above  is 

*  typical  of  all  bites  of  the  brown  recluse.  However,  in 
some  cases  a  general  systemic  reaction  has  also 
occurred.  The  systemic  disturbances  probably  occur 
infrequently  and  are  the  result  of  a  "full"  bite  (i.e.*  the 
injection  of  a  maximum  amoun  of  venom),  or  extreme 
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sensitivity  to  the  venom.  This  general  reaction  to  the 
bite  of  the  brown  rccJusc  usually  requires^ 
hospitalization.  Those  in  poor  general  physical' 
condition,  young  children,  and  older  people  arc  more 
apt  to  be  affected  seriously  by  the  bite  of  the  brown 
recluse. 

Exercises  (810): 

Identify  ;hc  statements  below  as  correct  or  incorrect, 
and  correct  the  faJse  statements. 
I.    Spiders  are  considerably  more  beneficial  than 
detrimental. 


2.    Contrary   to   popular  belief-  all  spiders  are 
poisonous, 


J.    All  spiders  arc  predaccous. 


4.    Spiders  play  an  important  role  in  limiting  the 
insect  population 


-5.    Dangerously  venomous  spiders  occur  in  a  very 
few  areas  of  the  world. 


6.    The  most  important  poisonous  spider  in  the 
United  States  is  the  brown  recluse, 


7,  The  male  black  widow  spider  has  very  little  venom 
and  the  mouthparts  are  not  sufficiently  strong  to 
penetrate  the  skin  of  humans. 


K.    The  female  brown  recluse  is  the  only  one  of  the 
species  which  is  poisonous, 


9.    The  full  bite  of  a  brown  recluse  is  no  more  serious 
tban  a  partial  bite, 


(0\  The  very  -old  or  the  very  young  are  likely  to  be 
affected  most  seriously  by  the  bite  of  a  brown 
recluse.  -  * 
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811*  Complete  given  statements  concerning  spider 
classification  and  characteristics. 

Classification  and  Characteristics  of 
Spiders,  Spiders  belong  to  the  order  Araneida  in  the 
class  Arachnida.  They  are  found  worldwide,  but  most 
live  in  the  temperate  and  tropical  zones. 

Many  spiders  use  their  poison  to  paralyze  their  prey. 
Although  the  venom  is  sufficient  for  this  purpose  with 
insects  and  some  small  animals,  humans  are  not 
generally  bothered.  Very  few  spiders  have  mouthparts 
that  can  penetrate  the  sktn  of  humans,  and  most  of 
those  that  do  have  venom  that  can  produce  only  local 
symptoms  or  an  occasional  allergic  reaction. 

Spiders,  like  other  arachnids*  have  eight  legs,  no 
wtngs  and  no  antennae.  Unlike  Scorpions,  ricks,  and 
mites,  sptdcrs  (fig,  1-1)  haveanunsegmented  abdomen 
attached  to  the  cephalothorax  by  a  short  pedicel  or 
stalk.  The  eyes  are  simple/  usually  eight  grouped 
together  or  separated  acrosSFtbe  head.  The  head  also 
has  a  pair  of  antcnnaJikc  or  leglike  pedipalps  and  a 
pair  of  chehcera  with  fangs.  There  are  many  types  of 
spiders  with  considerable  variation  in  size,  color, 
locomotion*  web-spinning  characteristics,  methods  of 
hunting  and  catching  prey,  shelter-seeking,  and  other 
distinctive  characteristics.  After  hatching  from  eggs, 
immature  spiders  pass  through  several  instars  before 
reaching  sexual  maturity.  Typically,  females  pass 
through  more  instars  than  do  mates.  The  life  span 
varies  with  such  factors  as  food  supply,  natural 
enemies,  temperature,  and  humidity.  The  black  widow 
and  the  brown  recluse  have  life  cycles  characteristic  of 
most  spiders, 


Ftgurc  l-i,  Black  widow  spider. 


Exercises  (811): 

Complete  the  following  statements  concerning  the 
classification  and  characteristics  of  spiderst 

1 .    Spiders  are  generally  found  in  

and  zones. 


2.  Many  spiders  use  iheir  poison  to   

their  prey. 

3.  The  venom  of  most  spiders  is  sufficient  as  far  as 
insects    and    small    animals   are  concerned; 

 arc  not  generally  bothered  by  the  * 

venom  of  spiders. 

4.  Very  few  Spiders  have  thai  can 

penetrate  the        _  of  humans. 

5.  Typically,  female  spiders  pass  through  more 
 than  males. 


812.  Match  a  list  of  spiders  with  statements  pertaining 
to  their  identification*  habits*  and  habitats;  complete 
ocher  statements  pertaining  to  the  black  widow  and 
brown  recluse  spider. 


Black  Widow  Spider.  The  female  black  widow 
spider  (Lncirodeetus  mactons)  is  12  to  14  millimeters 
in  tengih  while  the  maJe  is  about  half  that  size.  The 
entire  body  is  usually  a  bright,  shiny  black  (fig.  1-1} 
except  for  the  markings:  however,  on  some  specimens 
the  thorax  and  legs  may  be  a  dark  brown.  There  are 
short,  black  hairs  covering  the  bodyand  legs  but  they 
are  so  fine  that  they  are  not  usually  noticed.  The 
female  has  on  the  underside  of  the  abdomen  an 
hourglass-shaped  spot  which  is  usually  a  bright  red, 
although  orange  to  cream  colors  (nay  occur  on  those 
found  in  some  geographical  areas.  In  addition,  the 
males  have  rows  of  red  spots  and  diagonal  yellowish 
stripes  of  various  straw  colored  markings  on  the  upper 
surface  of  the  abdomen.  These  markings  may  be 
present  in  various  combinations.  The  legs  may  be 
alternately  pale  and  black  banded.  Immature  females 
vary  in  their  markings  so  that  their  appearance  may  be 
between  that  of  adult  male. and  adult  female. 

The  female  black  widow  produces  several  sacs  with 
an  average  of  some  2G0  eggs  each  in  round,  creamy- 
white  cases  attached  to  her  web.  The  eggs  usually 
hatch  in  2  to  4  weeks  to  very  tiny,  gray,  active  spiders 
which  are  cannibalistic.  The  eggs  are  usually  laid 
during  the  summer  and  the  young  forms  reach 
maturity  the  following  spring.  These  spiders  arc  found 
on  the  underside  of  privy  seats,  in  piles  of  lumber  and 
trashi  and  in  empty  paint  cans  and  buckets.  They  are 
frequently  found  beneath  houses  some  areas,  and 
they  may  occur  in  storerooms  and  garages.  The  webis 
extremely  irregular  and  very  loosely  woven,  and  the 
tube  into  which  the  female  retires  is  not  in  plain  view. 
The  black  widows  live  in  dark  areas  and  generally 
avoid  light.  Their  normal  food  is  insects,  and  they 
usually  bite  man  only  if  they  are  disturbed. 

Brown  Widow  Spider.  The  female  brown  widow 
spider  \  Laulrodectus  geometrical)  is  usually  brown  to 
grey  in  color  and  has  the  red  to  orange  hourglass 
marking  that  is  typical  of  widow  spiders.  Ai  present* 
this  spider  is  found  only  in  Florida  on  or  near 
buildings. 


[dike  the  egg  sacs  of  a  black  widow  spider,  the  egg 
sacs  of  the  brown  widow  spider  are  tufted  and  fluffy 
and  honey  gold  in  color. 

Red  Widow  Spider.  The  female  red  widow  spider 
(Lairodecius  bishopi)  is  quite  different  in  color  from 
other  widow  spiders.  The  legs  and  cephalothorax  are 
generally  reddish  brown  and  the  abdomen  is  basically 
dark  brown  splotched  with  yellow  and  has  a  red  to 
orang;  spot  on  the  underside*  unlike  the  hourglass 
marking  that  &  typical  of  other  widow  spiders. 

The  only  place  that  this  spider  is  found  at  presets  a 
in  the  palmettos  and  scrub-pines  of  southern  and 
central  Florida.  The  egg  sacs  of  this  spider  are 
generally  white,  smooth,  and  round. 

Northern  Widow  Spider.  The  female  northern 
widow  spider  (Lactrodecius  variolus)  is  very  similar  in 
color  to  the  black  widow  spider  except  it  is  not  shiny 
black  but  instead  is  smokey  black. 

This  spider  is  distributed  frojn  northern  Florida  to 
southern  Canada  and  is  very  common  in  British 
Columbia.  It  is  generally  found  in  isolated  woods,  in 
tree  stumps,  and  in  brick  or  stone  walls. 

The  egg  sacs  of  the  northern  widow  spider  are 
paperlike  and  brown  in  color. 

Drown  Recluse  Spider.  The  brown  recluse  spider 
{Loxoscefes  rec/uso)  is  of  medium  size,  measuring 
about  10  to  15  millimeters  Jong  and  5  to  7  millimeters 
across.  The  legs  are  long.  Both  legs  and  body  are 
covered  with  minute  brown  hairs  but  appear  almost 
bare  to  the  unaided  eye.  The  body  color  varies  from 
light  fawn  {o  dark  brown.  The  most  distinguishing 
mark  is  the  daxkftd  die-shaped  band  on  the  anterior 
portion  oMfieclFrtfcace  which  narrows  to  a  thin 
centerline  extending  alrhqst  to  the  abdomen  (fig.  1-2). 
Unlike  most  spiders,  this  s^tecies  and  its  close  relatives 
have  six  instead  of  eight  eyes. 


Figure  \-2.  Broi*n  recluse  spider. 


The  brown  recluse  spins  a  medium-sized  irregular 
web  with  a  maze  of  threads  extending  in  all  directions 
without  definite  pattern  or  plan.  The  web  fibers  tend  to 
be  very  viscid.  In  the  laboratory  this  spider  often 
constructs  a  retreat  of  loose  silk  in  one  pan  of  its  web. 
For  a  retreat  in  winter  in  its  out-of-doors  habitat*  the 
brown  redwse  spins  a  tube  of  thick  silk  which 
somewhat  resembles  the  hibernation  retreat  made  by 


jumping  spiders.  Females  usually  produce  more  than 
one  egg  sack  with  a  maximum  . production  of  five,  Egg 
production  averages  about  133  with  hatching 
occurring  in  2  weeks.  The  setae  of  the  young  are  very 
dark;  the  abdomen  is  yellow-brown;  and  the  rest  of  the 
body  color  is  pale  tan.  Except  that  the  Tiddle"  pattern 
i&  not  evident  on  the  carapace,  the  sptderling?  resemble 
the  adult.  There  are  eight  insiarsinthe  development  to 
the  adult  stage,  the  first  one  occurring  within  the  egg 
sac  and  all  others  outside-  The  duration  of  the  second 
through  the  eighth  instars  is  variable,  sometimes 
extending  for  as  long  as  200  days.  Indoors  these 
spiders  are  commonly  found  in  houses  and  associated 
buildings,  boiler  houses,  schools,  churches,  libraries, 
stores,  and  other  such  buildings.  Because  the  spiders 
are  sedentary  and  avoid  the  light  they  are  seldom  seen, 
but  they  can  be  found  in  almost  any  place  which  has 
been  relatively  undisturbed  for  a  long  period  of  time, 
such  as  behind  pictures,  beneath  and  behind  furniture, 
in  boxes  of  toys,  in  clothing,  and  among  stored  papers, 
Even  though  the  brown  recluse  has  been  found  most 
often  in  and  about  houses,  its  natural  habitat  seems  to 
be  out  of  doors,  at  least  in  the  southern  part  of  its ^ 
range.  In  outdoor  locations  it  has  been  found  beneath 
flat  rocks,  under  loose  bark,  in  crevices  of  old  decaying 
Logs,  and  in  trash  piles. 

Exercises  (812): 

I.  Match  the  spiders  in  column  B  below  with 
appropriate  statements  concerning  identifica- 
tion, habits,  and  habitats  of  important  spiders  in 
column*  A. 


Red  Widow. 
!    Brown  recluse. 
Black  widow. 
Northern  widow 
Brown  widow. 


Cishtmn  A 

  j.     rhen)4iLci$;it>ouirialfthewe<)f  I 

the  female.  2 
h     Red    io    orange    hourglass  }. 

marking.  4. 
  Ked    to    orange    marking  5. 

unlike  the  Jiourgiasv 
_      d.    Covered  wiih  minute  brawn 

hairs. 

  e     Young  spiders  are  cannibalistic, 

 .  f      Fi>und  in  palmetto  ^nd  *crub- 

pino  &}  •iamhttn  aiuJ  central 

Florida 

 Smoker  black  irmead  ol  ^hmy 

  h     Fiddle-shaped  marking  an  ihc 

anterior    poriion    uf  the 

  ]      Found  in  Florida 


Complete  the  following  statements  which  pertain 

to  black  widow  and  brown  recluse  spiders. 

a.  The  fernafe  black  window  produces  several 

sacs  with  an  average  of    eggs 

each. 

b<  The  eggs  usually  haich  in  to 

.  weeks. 


c.  Black  widows  usually  lay  their  eggs  in 

 and  the  young  spid 

reach  maturity  the  following  

d.  Blaek  windows  are  usually  found  on  the  under- 
side of  t  in  piles 

of  and  

and  in  empty  

and  


e.  The  normal  food  of  the  black  widow  is 
  ,  and  they  usually  bite  man 


only  if , 


f.  The  most  distinguishing  mark  of  the  brown 

recluse  spider  is  the  dark  

shaped  band  on  the  back. 

g.  The  female  recluse  usually  produces  more  than 

 egg  sac  with  a  maximum 

production  of  

h.  Indoors,  the  brown  recluse  is  commonly  found 
in  and  associated         -  , 


—  — ,  Qtid 

 and  other  such  buildings. 

i.  Because  these  spiders  are  sedentary  and  avoid 
the  they  are  seldom  

j.  Although  often  found  in  houses  the  natural 
habitat  of  the  brown  recluse  seems  lobe  


813.  Complete  given  statements  concerning  the 
control  of  spiders. 

Control  of  Spiders.  Physical  control  methods,  such 
as  eliminating  all  possible  breeding  areas,  are  of 
considerable  value  in  the  elimination  of  black  widow 
and  other  spiders.  Care  should  be  taken  to  destroy  the 
webs  in  buildings  and  inhabited  areas  and  to  kill  the 
spiders  by  crushing  or  with  insecticides.  The  egg  sacs 
found  in  the  webs  should  always  be  destroyed,  since  as 
many  as  300  young  spiders  may  emerge  from  a  single 
sac. 

Approved  insecticidal  dusts  and  sprays  (see 
Appendix  A,  in  a  separate  inclosure)  can  be  effective 
against  spiders;  and  even  aerosols  can  cause  them  to 
drop  from  their  webs  so  that  they  can  be  crushed 
easily.  Contact  sprays  and  dusts  containing 
carbamates  and  organ  op  hospates  are  effective. 
Standard  stock  items  of  dusting  powders  and  of 
wetiable  powders,  emulsions,  and  oilbase  sprays  will 
provide  good  control.  Residual  Sprays  will  be  Less 
effective  than  contact  sprays,  but  should  be  used  in 
areas  routinely  frequented  by  poisonous  spiders. 


Exercises  (813): 

Complete  the  following  statements  which  pertain  to 
the  control  ot  spiders.  You  may  need  to  use  Appendix 
A  (in  a  Separate  indosure), 
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1 .  Physical  control  of  spiders  includes  i  

 all  possible  

  .    web*, 

 ,   spiders,  and  destroying 

  sacs. 

2.  Approved  dusts  and  sprays  can  be 

effective  against  spiders, 

3-.  Aerosols  can  be  used  to  cause  them  to  

from  their  so  that  they  can  be 

 easily, 

4.  Contact  sprays  and  dusts  containing  

and  arc  effective. 

5.  Residual  sprays  are  less  effective  than  .  

sprays,  but  should  be  used  in  areas  routinely 
frequented  by  .  spiders, 

6.  The  residual  insecticides  used  for  spiders  are 


or  . 

7.    The  percentage  of  chlorpyrifos  used  for  spiders  is 


&.    The  form  of  the  insecticide  propoxur  used  for 
spiders  is  


314.  Complete  Riven  statements  concerning  first-aid 
treatment  for  spider  bites. 

Treatment  for  Spider  Bites.  Since  the  venoms 
produced  by  the  widow  spiders  and  brown  spiders  are 
different,  they  require  different  treatment.  Treatment 
for  the  bites  of  widow  and  brown,  spiders  must  be 
administered  as  soon  as  possible  by  trained  medical 
personnel  because  first-aid  treatment  is  ineffective  and 
is,  therefore,  unnecessary, 

Exercises  (814): 

Complete  the  following  statements  concerning  firstaid 
treatment  for  spider  bites. 

J ,    First  aid  for  widow  spiders  and  brown  spiders 

differs  because  of  the  different  

produced. 

2.  The  primary  reason  that  first-aid  treatment 
should  not  be  rendered  is  that  

3.  Treatment  for  medically  important  spiders  must 
be  administered  as  soon  as  possibly  by  trained 

personnel. 

1-6.  Scorpions 

Scorpions  are  most  common  in  the  sout  hern  regions 
of  the  United  States  from  the  Pacific  to  the  Atlantic. 
Most  scorpions  within  the  United  States  are 
categorized  as  pests  within  buildings  and  outdoor 
areas  frequented  by  humans.  There  are  two  scorpions 
of  medical  importance  within  the  United  States.  ■ 

This  section  covers  the  importance,  description, 
habits,  and  habitats  of  scorpions.  You  will  also  learn 
about  the  controls  and  first-aid  treatment  for 
scorpions. 


815.  Identify  given  statements  pertaining  to  the 
importance  of  scorpions  as  being  true  or  false,  and 
correct  those  that  an  false* 

importance  of  Scorpions.  Thereare4  families  with 
over  300  species  distributed  throughout  the  tropics, 
subtropics.  and  temperate  regions  of  the  world,  Many 
scorpions  invade  dwellings  in  search  of  food  or  shelter, , 
Others  are  normally  found  in  the  locations  frequented 
by  humans.  While  most  scorpions  can  cause  only 
painful  stings,  some  species  cause  many  deaths.  The 
medical  importance  of  a  scorpion  is  determined  by  its 
habits  and  venom  potency,  not  by  its  size.  Some  of  the 
most  dangerous  species  seldom  attain  a  length  of  more 
than  7-5  centimeters.  In  contrast,  stings  by  scorpions 
12  to  IS  centimeters  long  may  produce  only  temporary 
local  pain  in  man. 

Most  scorpions  of  medical  Importance  are  members 
of  genus  Cemruroidesin  portions  of  the  southwestern 
United  States  and  throughout  Mexico;  genusTVryusin 
Central  and  South  America;  genera  Buthus  and 
Androcwnm  in  the  Middle  East  and  North  Africa, 
and  genus  Perabuthus  in  South  Africa.  Dangerous 
venomous  species  may  also  occur  in  other  sparsely 
settled  portions  of  Africa  and  Southeast  Asia  where  no 
meaningful  clinical  records  are  kept.  Ctntruroides 
scutpturatus  and  Centruroides gertsdichi  are  the  only 
poisonous  scorpions  known  to  occur  in  the  United 
States:  both  are  found  mainly  in  southern  Arizona  and 
parts  of  neighboring  States. 

Exercises  (815): 

Place  the  letter  X  in  the  provided  space  before  each 
true  statement,  and  correct  any  false  statement. 

  I.  There  are  over  300  species  of  scorpions. 

 2-  The  only  poisonous  scorpions  in  the  United 

States  are  found  mainly  in  southern  Arizona 

and    parts    of   neighboring  states. 
 3.  Some  of  the  most  dangerous  species  of 

scorpions  usually  attain  a  length  of  more  than 

IS  centimeters. 
 4.   Many  scorpions  invade  dwellings  in  search  of 

food  or  shelter, 
  5,   The  medical  importance  of  a  "scorpion  Is 

determined  by  its  habits  and  venom  potency, 

not  by  its  size. 


816.  Complete  given  statements  concerning  the 
identification*  habits*  and  habitats  of  important 

scorpions. 

Identification,  Habits,  and  Habitats  of  Important 

Scorpions.  Scorpions  belong  to  the  order 
Scorpionlda  in  the  class  Arachinida  Scorpions  have 
four  pairs  of  legs  and  .one  pair  of,  large  claws  or 
pedipalps.  The  body  has  two  divisions — the  anterior. 


\ 
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unsegmented  ccphalothorax  and  the  posterior, 
segmented  abdomen.  The  last  six  abdominal  segments 
form  the  "tail,"  with  the  end  segment  modified  in  the 
form  of  a  hooked  stinger  (fig,  1-3).  The  end  segment, 
or  telson,  has  two  poison  glands.  The  tail  is  carried 
arched  over  the  back,  and  the  stinger  is  Inserted  into  a 
victim  by  a  quick  forward  thrust.  The  venom  is  ejected 
through  the  needle-sharp*  hollow  stinger.  Adult 
scorpions  vary  in  length  from  less  than  an  inch. Colors 
vary  from  nearly  black  to  straw-color  and  some 
scorpions  are  striped.  Most  scorpions  have  smooth 
bodies,  though  some  are  hairy. 


I-i^urc  l-i  The  scorpion. 

The  two  poisonous  scorpions  in  the  United  States 
are  straw-yellow  in  color;  Centruroides  gensehi  has 
two  irregular  black  stripes  on  the  upper  surface  of  the 
heidy.  The  length  is  5  to  li  centimeters  and  the  width  of 
the  ccphalothorax  is  approximately  6  millimeters.  The 
tail  is  about  1.5  millimeters  in  diameter  and  bears  a 
subaculear  tooth  at  the  base  of  the  stinger.  The 
pedipalps  are  long  and  slender. 

Scorpions  do  not  lay  eggs,  but  bear  their  young 
alive  The  young  are  carried  for  some  time  on  the  back 
of  the  female.  Scorpions  are  nocturnal  and. are  seldom 
seen  during  the  day  unless  they  are  disturbed  in  their 
hiding  places.  The  most  common  poisonous  species  in 
the  United  States*  tentruroidex  sculpiuratus,  is 
frequently  found  under  loose  bark  of  various  trees* 
panicularly  eucalyptus  and  cottonwood,  or  under  old 
logs  and  rocks.  They  are  found  occasionally  on  outside 
waits,  particularly  cm  buildings  where  a  Large  amount 
of  water  is  present,  such  as  wash  houses,  They  are  also 
frequently  found  under  wet  rags,  in  folds  of  newspaper 
and  magazines,  and  occasionally  on  clothing  taken 
from  a  clothes  basket.  Indoors,  scorpions  are  found  in 
areas  where  insects  arc  plentiful  such  as  under  the 
house,  in  attics,  or  in  hollow  walls.  In  some  buildings, 
scorpions  may  be  found  more  or  less  routinely  which 
indicates  that  they  are  breeding  in  the  area.  However, 
if  ihey  only  appear  once  or  twice  a  year  they  are 
probably  being  brought  mto  the  house  m  packages  of 
vegetables,  boxes,  and  firewood 


Exercises  (816>: 
L    Scorpions  have 


pairs  of  legs  andv^ 


3+ 


4, 


pair  of  large  claws  or  pedipalps.  \ 

The  body  has  divisions;  the  anterior, 

 celp  halo  thorax,  and  the  posterior  ti^ 

 :  abdomen. 

The  last  six  abdominal  segments  form  the 

 ,  with  the  end  segment  modified 

ir.  the  form  of  a  hooked  

The  two  poisonous  scorpions  chat  occur  within 

the  United  States  are  in 

color;  Cemruroides  genschi  has  two  Irregular 

 stripes  on  the  upper  surface  of 

the  


5*    Scorpions  are 


seen  during  the 


and  are  seldom 
unless  they  are 
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disturbed  in  their  hiding  places. 

Scorpions  are  found  occasionally  on  outside 

walls,  panicularly  on  buildings  where  a  large 

amount  of  is  present. 

Indoors,  scorpions  are  found  in  areas  where 

insects  are  plentiful,  such  as  under  the  , 

in  or  in  hollow  


817.  Complete  given  statements  concerning  the 
measures  that  can  be  implemented  to  control 
scorpions. 

Control  of  Scorpions.  Avoidance  is  the  best 
method  of  physical  control  and  should  include: 
picking  up  objects  carefully  so  as  not  to  be  stung  by  the 
scorpions  which  may  be  hiding  beneath  them, 
emptying  shoes  and  slippers  vigorously  before  putting 
them  on,  not  walking  around  barefooted  after  dark, 
and  shaking  out  clothing.  Clothing  should  not  be 
dumped  on  the  floor  but  should  be  hung  carefully,  and 
preferably  away  from  the  wall.  Folded  bedding  may 
also  serve  as  hiding  places  for  scorpions.  Beds  in 
heavily  infested  areas  should  be  kept  away  from  the 
walls:  and  in  some  cases  it  may  be  necessary  to  place 
Jhe  legs  of  the  bed  in  clean,  wid^moutheri  glass  jars. 
These  jars  should  not  have  water  placed  in  them,  as 
this  might  lead  to  mosquito  breedings 

General  cleanup  of  trash  piles  will  help  control 
scorpions  by  cutting  down  on  their  hiding  places.  It 
should  be  remembered  thac  insects  are  the  principal 
food  for  scorpions,  and  that  killing  such  insects, 
particularly  those  that  Live  on  the  ground,  will  be  of 
benefit  Scorpions  can  go  into  hidingfor  2  or  3  months 
after  a  period  of  abundant  food,  and  can  live  as  much 
as  6  months  without  food  or  water  Many  species 
require  from  3  to  5  years  to  reach  maturity;  thus, 
hunting  out  and  destroying  these  animals  on  a  regular 
basis  will  cut  down  on  their  numbers  enormously. 

Trapping  of  scorpions  can  be  carried  out  in  heavily 
infested  areas  by  dampening  a  burlap  sack  or  other 
piece  of  heavy  coarse  cloth  and  spreading  it  on  the 
ground  in  the  evening.  Scorpions  will  crawl  under  it 
during  lhe  night  and  can  then  be  easily  destroyed  the 
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next  moring,  Cats*  although\>f  very  little  value  in 
mouse  control  can  be  quite  effective  in  controlling 
scorpions,  but  they  must  be  trained.  Dogs  arc  of  little 
taluc  against  scorpions  but  are  quite  likely  to  be  Stung 
by  [hem  and  possibly  killed. 

Many  attempts  have  been  made  to  control 
Scorpions  by  the  use  of  fogs,  mists,  and  aerosols. 
Generally  speaking,  these  methods  arc  of  very  little 
value  because  of  the  scorpion's  habit  of  hiding  in 
cracks  and  crevices  which  arc  seldom  reached  by  such 
treatment,  Residual  spraying  or  dusting  of  breeding 
areas  provides  good  control.  Sec  Appendix  A  (in  a 
separate  inclosure)  for  pesticide  recommendations. 

Exercises  <817>: 

J-    The  principal  food  for  scorpions  is  

2<    Scorpions  can  go  into  hiding  for  or 


5,    Even  if  first  aid  has  been  rendered  ■ 


.months  after  a  period  of  abundant  food. 

3.  General  cleanup  of  trash  piles  will  keep  control  of 

scorpions,  by  cuttingdown  on  their  

places. 

4,  Trapping  of  scorpions  can  be  carried  out  in 
heavily  infested  areas  by  dampening  a. 


sack  and  spreading  it  on  the  ground  in  the 


The  two  pesticides  used  to  control  scorpions  are 
 and  


818.  Complete  given  statements  pertaining  to  first-aid 
treatment  for  scorpion  stings. 

First-Aid  Treatment  for  Scorpiun  Stings,  Follow 
i  he  procedures  below  for  a  victim  stung  by  a  poisonous 
scorpion: 

( 1 )  Immediately  after  the  sting,  place  a  ligature  (a 
tourniquet)  between  the  sting  and  the  body.  Tic  it  as 
near  to  the  sting  as  possible  to  prevent  rapid 
absorption  of  the  venom.  A  shoelace  or  something 
equally  slender  makes  a  good  ligature,  but  a 
handkerchief  is  poor  The  Ugatureshould  be  loosened 
briefly  every  (0  to  15  minutes. 

(2|  Put  an  ice  pack  directly  on  the  site  of  this  sting 
and  have  the  victim  hold  it  there. 

(3)  Anttvenins  are  available  for  the  poisonous  US 
and  Mexican  species  and  tfomc  others:  thus, 
professional  medical  assistance  must  be  obtained  as 
soon  as  possible. 

F.xerctses  (818): 

I     Immediately  after  being  stung,  a  

should  be  placed  between  the  

and  the  


2.    A  piece  of 


should  he  placed 


directly  on  the  site  of  the  sting, 

-V    The  ligature  must  be  loosened  cscry  to 

 minutes. 

4,    For  the  poisonous  US  and  Mexican  species  of 
scorpion  there  are  iivailable  . 


medical  assistance  must  be  obtained  as  soon  a* 
possible. 
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1*7.  Otfier  Venomous  Arthropods 

This  Section  identifies  venomous  arthropods  of  I 
medical  importance  than  those  already  covered  in  i 
chapter.  They  are  less  significant  because  they  do  not  ^ 
attack/  often  and  are  not  very  loxic  to  humans.  The  J 
arthropods  covered  here  arc  centipedes,  millipedes, 
cone  noses*  catcpiMars,  and  moths.  You  will  also  learn 
about!  control  measures  for  them. 

Centipedes  belong  to  the  class  Chilopoda. 
Millipedes  belong  to  the  class  Diplopeda*  Both  arc 
fauna*  mostly  in  the  tropical,  subtropical,  and  warm- 
temperature  regions  of  the  world.  They  are  all 
predaceous,  and  have  well-developed  poison  glands 
for  .killing  their  prey. 

Concnoscs*  also  known  as  assassin  bugs,  belong  to 
thq  class  Insecta,  order  Hemiptera,  and  the  family 
Retiuviidac*  They  are  carnivorous  insects  and  are 
generally  predaceous  lo  other  insects  and  to  arachnids. 

Catepillars  are  lhc  larvae  of  moths  and  butterflies, 
and  arc  in  the  order  LepidopteraJn  lhc  United  States, 
there  are  10  families  with  species  troublesome  to 
humans,  There  are  many  more  irritating  species 
scattered  widely  throughout  the  world.  Our  discussion 
will  begin  with  centipedes. 

819.  Match  ft  list  of  venomous  arthropods  with 
statements  pertaining  to  identifying  characteristics 
and  effects. 

Centipedes.  Centipedes  arc  flattened  dorso* 
venlrally.  The  body  is  made  up  of  a  distinct  head  and 
15  to  170  or  more  similar  segments.  Each  segment  has 
one  pair  of  tracheal  openings  and  one  pair  of  strong 
mandibles,  and  two  pairs  of  maxillae,  individuals  of 
some  species  attain  a  length  of  25  centimeters  or  more. 
Adults  of  several  species  have  shining  greenish  or 
blackish  bodies,  and  orange  or  red  legs  and  heads, 
Some  are  yellowish  with  dull  red,  longitudinal  bands. 
Some  centipedes  are  markedly  phosphorescent  Sexes 
of  centipedes  are  distinct,  and  the  females  either  lay 
eggs  or  give  birth  to  living  young.  The  young  resemble 
the  adults,  having  approximately  the  same  number  of 
segments. 

Centipedes  differ  from  millipedes  (class 
Oiplopoda)*  which  have  two  pairs  of  legs  on  each  body 
segment,  a  nearly  rounded  rather  than  flattened  body, 
and  which  feed  principally  on  decaying  vegetation. 
Centipedes  hide  by  day  under  stones*  ru>bish<  leaves, 
logs*  and  in  other  dark  areas.  They  feed  by  night  on 
earthworms,  insects*  mice,  or  lizards^  depending  on 
their  size.  They  kill  or  paralyze  their  prey  quickly  with 
venom  and  chew  it  for  ingestion  with  their  mandibles. 
The  common,  long-legged  house  centipede  (Scutigera 
forceps)  is  usually  regarded  as  quite  beneficial  because 
it  feeds  on  household  insects. 
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fmponana:  Mu*t  centipedes  ire  harmless,  since 
only  a  small  number  have  fangs  strong  enough  to 
penetrate  human  skin,  They  bite  large  animals  only  in 
self  defense.  The  secretion  injected  is  primarily  a 
digestive  enzyme,  containing  only  a  small  proportion 
of  venom.  The  amount  of  this  material  introduced 
depends  somewhat  on  the  size  of  the  centipede  and  on 
the  time  elapsed  since  the  fangs  were  last  used,  The 
small,  fast  running,  house  centipede  fSctttigera 
cleupiraia)  has  been  known  to  pierce  the  skin  and 
cause  pain,  The  larger  house  centipede  fSctttigera 
farc?ps)  can  bite  and  cause  intense  locat  pain.  Other 
centipede*  can  also  inflict  very  painful  bites.  The  2.5 
centimeter  Svolopendra  gi%antea  of  the  Tropics  is 
considered  very  poisonous,  its  bite  sometimes 
requiring  hospitalization  of  victims. 

Effects  and  /rm  aid.  Centipede  bites  may  cause 
local  pain,  crythcmai  hardening  of  the  skin,  formation 
of  papules,  rash,  swelling,  purple  patches,  and  swollen 
axillary  glands,  but  such  symptoms  usually  subside 
within  24  hour^  if  the  wound  is  uninfected.  There  have 
been  no  deaths  recorded  from  the  bites.  Treatment 
UMJally  consists  of  locally  applied  palliatives,  such  as 
weak  ammonia,  compresses  of  sodium  bicarbonate,  or 
cpsom  salts, 

Millipede*.  Millipedes  are  more  cylindrical  than 
flat.  The  body  is  made  up  of  a  distinct  head  and  a  trunk 
that  consists  of  *everal  segments.  Each  trunk  segment 
bears  two  pair*  of  jointed  walking  legs  which  lack 
poi*on  claws.  The  head  bears  a  pair  of  short  antennae, 
a  pair  nf  mandibles,  and  two  pairs  of  maxillae, 

Millepedes  range  in  size  from  less  than  2.5 
millimeters  iO  16  centimeters.  They  are  slow  moving 
despite  numerous  legs,  and  are  nocturnal,  secretive. 
\egctarian.  and  terre*trial.  They  lay  egg*,  and  the 
soung  resemble  the  adulls  but  have  fewer  abdominal 
segments  and  only  three  pairs  of  walking  legs, 

importance.  Millipedes  may  be  accidental 
parasites  of  humans,  inhabiting  the  intestinal  and 
urinary  tracts.  Some  produce  offensive  fluids  from 
paired  glands  located  in  the  abdomen.  These  fluids 
have  sometimes  produced  u  dermatitis  in  humans. 

Firxt  aid.  Victims  that  have  been  contaminated 
with  the  fluid  excreted  by  millipedes  should  deluge  the 
contaminated  area  with  *oap  and  water  immediately, 
T h]>  will  remme  the  fluid  and  *hould  be  all  that  i* 
required. 

Con  en  oses  (Assassin  Bugs),  Conenoses  have  a 
cone-shaped  head,  with  j  three  jointed  proboscis  that 
i*  carried  in  a  folded  position  close  to  the  body.  When 
disturbed,  the  proboscis  us  projected  forward  in  a 
manner  simitar  to  a  spring  that  has  been  bent  over  and 
one  end  relea^d.  Cnncnose*  range  in  si/e  from  \  2  to 
25  millimeter  and  are  basically  brown  in  color.  Some 
ha*e  white  ti>  yellow  wide  spots  on  each  <ude  of  the 
abdomen.  The  w  ind^  arc  about  as  long  as  the  abdomen 
and  arc  folded  one  on  top  nf  the  other. 

rhc*e  iri\cct\  art;  attracted  to  Iighu  at  night  jnd  v*ill 
Commonly  enter  huildin^  They  are  blood-sucking 
insects  thai  ii*ualh  tVcd  upon  other  in.sects  although 
thev  uill  readiK  feed  on  mammals,  including  humans 
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Some  species  have  been  so  persistent  in  human  y 
bedding  thai  they  have  been  referred  to,  and  are  \J 
commonly  known  as.  Mexican  bedbugs.  Conenoses 
can  produce  a  very  severe  reaction  through  their  bites  V 
to  humans  even  though  the  bite  might  not  be  felt  at  the 
time  of  injection, 

Conenoses  lay  their  eggs  on  plants  in  outdoor  areas, 
but.  inside,  they  lay  the  eggs  in  dark,  dusty  cracks, 
crevices,  and  corners,  The  eggs  hatch  into  nymphs  and 
the  nymphs  pass  through  eight  nymphal  instars  before 
reaching  the  adult  stage. 

Importance.  For  the  most  part,  conenoses  are 
beneficial  to  humans  in  that  they  attack  other  insects 
and  are  known  to  be  predaceous  upon  bed  bugs. 
However  they  are  also  known  to  be  vectors  ofChaga's 
disease,  and  they  produce  a  very  strong  hemolytic- 
neurotoxin  venom.  The  bite  of  these  insects  may  not 
even  be  recognized  (because  of  the  anesthetizing 
effect)  until  the  insects  have  completed  their  feeding, 
which  might  last  anywhere  from  3  to  7  minutes. 

Effects  and  firm  aid.  There  may  be  no  reaction  to 
the  bite  of  a  conenose  by  some  individuals,  but,  to 
others,  the  reaction  might  be  severe  with  the  effects  of 
the  venom  lasting  for  several  months.  The  venom 
produced  by  conenoses  is  hemolytic  and  neurotoxic. 
You  should  treat  the  bite  area  with  iodine  to  prevent 
secondary  infection.  Place  a  paste  of  bicarbonate  of 
soda  and  water  over  the  bite  area  along  with  an  ice 
pack  to  localize  the  venom  and  to  give  temporary  relief 
until  you  can  get  professions!  medical  assistance. 

Caterpillars  and  Moths.  The  larvae  of  some  moths 
and  butterflies  have  large  spines  which,  while 
harmless,  create  the  false  impression  that  the 
caterpillars  are  dangerous,  On  the  other  hand,  most  of 
the  caterpillars  with  urticatingor  netting  hairs  appear 
harmless.  Some  are  actually  attractive,  being 
strikingly  colored.  Lepidoptera  exhibit  complete 
metamorphosis  The  caterpillars  hatch  from  eggs,  and, 
upon  maturity,  transform  lo  pupae,  Most  species  of 
moths  spin  cocoons  in  which  they  pupate.  Most 
species  of  butterflies  do  not,  After  pupation,  the 
sexually  mature  adult  emerges.  Most  adults  are 
capable  of  flight,  but  some  females  are  wingless. 

While  the  medical  importance  is  due  primarily  to 
urlicating  hairs,  some  caterpillars,  such  as  the  larvae  of 
the  cabbage  butterfly  (Pieris  frrassieae).  have 
poisonous  body  fluids  which  produce  intestinal 
inflammation  and  death  in  eatiTe  which  ingest  the 
caterpillars  with  food.  One  caterpillar,  the  mealworm 
(AnopiafarinaUsh  can  act  as  the  intermediate  host  of 
the  rat  tapeworm  f  ffyrwnulepijs  ditninuta)  which 
occasionally  infests  man.  Ophthalmia  nodosa  is  a 
disease  of  the  conjunctiva,  cornea,  nr  iris  of  the  eye 
caused  by  nettling  hairs.  In  a  few  cases,  the  adult 
Lepidoptera  have  nettling  hairs;  but  in  some  of  these 
cases,  these  are  larval  hairs  adhering  to  the  jdult 
Symptoms  produced  by  the  urtieating  hairs  differ  w  ith 
the  species  ol  moih*  and  with  the  individual  reaction 
difference*  of  the  victim*.  Ca^es  of  caterpillar  ra*h  are 
more  wide*pread  than  commonly  supposed,  and  can 
be  ca*ih   rrmdiagnosed  in  areas  w here  not  very 
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CLimnuin.  The  venom  of  caterpillars  is  produced  in 
gluTttk  located  at  the  bases  of  hairs,  sometimes  outside 
the  body  surface.  These  may  occur  singly  or  in  clusters 
of  tubercles  on  the  body  of  the  insect.  Upon  contact  of 
tht  opines  with  the  victim's  skin,  the  venom  may 
emerge  through  on  opening  at  the  lip  of  the  spine;  ora 
portion  of  the  hair  or  spine  may  break  off  in  the 
wound,  thus  releasing  the  venom.  The  more  important 
venomous  Lepidopteru  are  described  below. 

Puxx  luterpillar.  The  puss  caterpillar  is  about  an 
inch  tony  when  full  grown.  It  has  a  thick*  fleshy  body 
completely  covered  and  hidden  by  long  silken  hairs  of 
a  tawny  10  greyish  color.  The  upper  side  appears  to 
have  a  convex  form.  Under  the  long  hairs  are 
numerous  short  spines  in  rows  on  tuberculate  ridges 
and  connected  with  underlying  hypbdermal  poison 
glands.  This  species  is  quite  common  in  the  Southern 
Stales,  and  at  times  becomes  very  abundant.  At  such 
times  a  great  many  cases  of  stinging  have  received 
medical  attention.  Schools  have  been  closed  in  some 
areas  until  the  caterpillar  was  brought  under  control. 
The  severity  of  the  symptoms  depends  largely  upon 
individual  reactions.  The  initial  reaction  is  usually  an 
intense,  burning  pain  immediately  after  contact.  This 
is  followed  by  raised  papules  and  reddening,  then  by 
generalized  swelling  and  numbness*  which  may  be 
accompanied  by  nausea  and  vomiting.  Stings  on  the 
wrist  have  resulted  in  swelling  of  the  entire  arm  to 
about  double  size.  Fever  and  symptoms  of  nervous 
disorder  are  not  uncommon  in  children 

Brown-tail  moth.  The  brown-tail  moth  larva  is 
about  3.8  centimeters  long.  The  head  is  light  brown, 
the  body  dark  brown  to  almost  black  with  a  broken 
white  line  on  either  side  and  two  conspicuous  reddish 
spots  on  the  back  near  the  posterior  end.  Nuj-  irous 
tubercles  with  long*  barbed  hairs  and  wilh  *horlt 
brown  hairs  between  are  located  on  the  back  and  sides 
of  the  body.  This  insect  is  a  serious  pest  of  fruit  and 
shade  trees  in  the  Northeastern  States,  The  larvae  are 
the  most  notorious  of  our  poisonous  caterpillars. 
Short,  barbed  hairs  are  easily  lost  by  the  catepillar. 
Further*  the  cocoons  and  even  adult  moths  harbor 
these  hairs;  and  they  are  easily  carried  by  wind 
currents.  On  striking  the  skin,  these  hairs  cause  intense 
itching  on  exposed  parts  of  the  body.  They  adhere  to 
clothing  drying  on  the  line;  then  they  cause  severe 
dermatitis  when  the  clothing  is  worn.  Ingestion  of 
these  hairs  by  swallowing  or  inhaling  can  cause  serious 
internal  disturbances  and  injury.  Nodular 
conjunctivitis  is  caused  by  these  hairs  getting  into  the 
eye. 

White-marked  tussock  moth.  This  mol  h  has  a  larva 
which  is  considered  one  of  our  most  beautiful 
caterpillars.  The  head  and  the  glands  of  the  sixth  and 
seventh  abdominal  segments  arc  a  bright  vermillion.  A 
band  on  the  back  is  velvety  black,  bordered  with 
yellow,  subdorsal  stripes.  There  is  another  yellow 
band  on  each  side  just  below  the  spiracles.  On  each 
side  of  the  prothorax  there  is  a  slender  tuft  oi  long, 
black  hairs  with  plumelike  tips.  A  similar  brush  is 
located  on  the  back  of  the  eighth  abdominal  segment. 


The  first  four  abdominal  segments  have  dense* 
brushlike  tufts  of  cream  colored  or  white  hairs.  This 
moth  is  a  general  feeder  on  foliage  of  deciduous  trees 
and  shrubs,  and  is  often  a  serious  pest  of  shade  and 
fruit  trees.  It  is  found  from  Colorado  to  the  Eastern' 
Slates.  The  short  barbed  hairs  can  cause  considerable 
skin  irritation,  The  nettling  hairs  are  found  on  all 
stages  of  the  larvae.  They  are  scattered  over  the  body 
in  the  first  two  instars*  while  they  are  localized  in  the 
white  dorsal  tussocks  of  the  first  four  abdominal 
segments  in  the  later  states.  The  hairs  are  interwoven 
in  the  cocoons  at  the  time  of  pupation. 

iO  Moth.  This  moth  is  widely  distributed 
throughout  the  Eastern  and  Central  States.  The  larva 
is  probably  the  most  generally  known  of  the  nettling 
caterpillars  in  the  United  States.  It  feeds  on  a  wide 
variety  of  food  plants*  including  willow  and  even  corn. 
The  full  grown  larva  is  abut  6.4  centimeters  long.  It  is 
pale  green  with  sublateral  stripes  of  red  and  cream. 
Numerous  green  spines*  with  a  few  black  ones  among 
them*  radiate  from  tubercles  on  the  body  creating  a 
mossy  appearance.  Some  of  the  long  spines  bear  hairs; 
but  the  poison  spines  have  peglike  tips  and  are 
connected  with  very  large  venom  glands.  These  spines 
do  not  normally  break  off  and  drift  with  the  win  das  do 
the  spines  of  some  catepiltars.  Only  the  tip  breaks  in 
the  wound.  Direct  contact  with  the  larva  and  its 
nettling  spines  is  normally  required  to  produce  the 
intense  itching  caused  by  the  venom. 

Saddleback  caterpillar.  This  caterpillar  is  found 
throughout  the  Central*  Eastern,  and  Southern  States 
where  it  feeds  on  a  wide  variety  of  forest  and  fruit  trees. 
However,  it  is  not  normally  numerous  many  location. 
It  has  a  purplish-brown  spot  surrounded  by  a  large 
green  patch  on  the  back  giving  the  appearance  of  a 
dark  saddle  on  a  green  saddle  blanket.  It  has  tufts  of 
bristling  stout  spines  with  acutely  pointed  tips.  The 
spines  are  connected  with  poison  glands.  The  spine 
tips  break  off  in  the  skin;  and  the  venom  is  forced  into 
the  wound.  The  poison  affects  some  people  severly* 
causing  extreme  pain. 

Exerelses  (819): 

1.    Match  column  A  with  column  B. 

Column  A  Column  8 

  f.    Generally  feeds  on  foliage  of     a.  Centipede. 

deciduous  trees.  b.  Millipede. 
  2.    Purplish-brown  spot  sur-     c.  Conenose 

rounded  by  large  green  patch.         (assassin  bug). 
 3.    Carnivorous    insect    and    is     d.  Puis 

generally  prcdaecous  to  other  caterpillar. 

insects.  e.  Brown* tail  moib_ 

 4,     More   cylindricaf  ibBn   flat.     f.  White-marked 

 5     Flattened  do  no-vent  rally.  tussock. 

 a.     Poison  spines  have  peglike  lips     g.  10  moih. 

connected    wilb    very    large     b.  Saddte-baek 

venom  gland.  caterpillar. 
  1.    Spines  are  connected  to  poison 

gland. 

-  -   H.     Youths   resemble  aduliv 

  9     Hai  cone-shaped  head  with 

three-jo  inied  proboscis  that  is 
earned  in  a  folded  position  close 
to  the  body. 
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Column  A 

  10,    Two  pain  of  legs  on  each  body 

segment. 

  II.    Serious  pest  of  fruit  and  shade 

inti  in  i  he  Northeastern  Stairs. 

  IX    Under  tong  hairs  are  numerous 

short  spines  connected  to 
underlying  hypodcrmaJ  glands. 

  13.  PalegrcenwithsubtaEeralstnps 

of  red  and  gr«n 

  14     The  head  is  tighl  brown:  the 

body  is  brown  io  atmost  btack. 

  15.     Head  and  glands  of  the  sixth 

and  seventh  abdominal  segment 
are    bright  vermiUion, 

  }b     Thick  fleshy  body  completely 

covered  and  hidden  by  long 
hairs  of  tawny  ta  greyish  color. 


820.  Complete  given  statements  concerning  the 
controls  for  centipedes,  millipedes,  eonenr  jes, 
caterpillars*  and  moths. 

Control  of  Other  Venomous  Arthropods.  This 
objective  outlines  measures  that  may  be  used  to 
control  centipedes*  millipedes,  cone  noses,  and 
venomous  caterpillars,  and  moths. 

Cnntrni  of  centipedes  and  millipetles.  Proper 
screening  to  keep  centipedes  and  millipedes  out  of 
buildings  and  caution  white  disposing  of  these 
creatures  are  about  the  only  preventive  measure:; 
which  can  be  recommended  for  avoiding  their  bites. 
Troops  on  duty  in  areas  where  large  centipedes  are 
prevalent  should  be  advised  not  to  touch  them  or 
attempt  to  catch  them.  Fortunately,  large  centipedes 
are  seldom  if  ever  so  numerous  as  to  necessitate  special 
control  measures.  Properly  fitting  doors  and  good 
screening  should  keep  centipedes  and  millipedes  from 
living  quarters.  Troops  in  the  field  should  use  caution 
in  putting  on  boots  and  other  clothing  which  may  have 
been  on  the  ground  overnight.  Presence  of  Centipedes 
and  millipedes  in  tents  in  tropical  areas  is  a  good 
reason  lor  sleeping  in  a  properly  ^tucked-in"  bed  net, 
Cnntact  sprays  will  kilt  centipedes  and  millipedes. 
Residual  sprays  are  moderately  effective.  Sec 
Appendix  A  fin  a  separate  incloSure). 

Central  nf  conemvte s.  Since  conenoses  fly  readily 
and  are  attracted  to  lights,  it  is  imperative  that 
huildinesare  properly  screened  and  door  and  windows 
fit  snugly  in  their  frames. 

If  u  conenose  happens  to  get  on  you  and  you  arc 
aware  of  it.  brush  it  off  gemly  and  swiftly  to  prevent 
hetng  bitcen. 

Where  tonennscs  are  abundant,  you  can  apply 
residuals  around  doorways,  window  frames*  and 
around  lighting.  Be  sure  to  use  insecticides  that  are 
recommended  lor  this  type  ol  treatment  and  apply  it 
according  co  the  instructions  provided. 

( nrural  iff  cuicrpriitirs  and  moths.  Control 
measures  lor  these  venomous  arthropods  are  the  same 
as  those  that  are  used  to  control  ornamental  and  turf 


pests  which  are  discussed  later  in  this  course,  You  can 
find  the  recommended  controls  for  caterpillars  and 
moths  in  Appendix  A  (in  a  separate  inclosurc)  under 
"Tent  Caterpillars  and  Fall  Webwnrms."  When  you 
use  these  control  measures  for  those  caterpillars  that 
easily  shed  their  netting  spines,  you  should  try  to  kill 
them  in,  the  shortest  possible  time.  Slowly  dying 
Caterpillars  move  contortedly,  and  will  shed  many 
hairs  and  spines  heforc  they  die. 

Exercises  (820): 

1.  Residual  insecticides  for  control  of  centipedes  is 

2.  The  residual  insecticide  used  to  control  millipede* 
indoors  is  

3.  Where  conenoses  are  abundant,  

can  be  applied  around  

 ,  and  around  

4.  To  control  tent  caterpillar  and  fall  webworms  on 

ornamentals  use  ,  

and  

1-8.  Snakes 

In  this  section,  you  will  learn  about  the  identifying ; 
characteristics  of  poisonous  snakes  within  the  United/ 
States.  This  section  will  also  provide  you  with 
information  pertaining  to  snake  habits,  habitats,  and 
bite  symptoms,  as  weJl  as  the  first-aid  treatment  for 
snakebites.  \ 

821,  Indicate  whether  given  statements  pertaining  to 
snakes  are  true  or  false,  and  correct  those  that  are 
false. 

Facts  About  Snakes.  Snakes  contribute  an 
important  part  in  maintaining  the  "balance  of 
nature.4*  They  control  destructive  animals,  such  as 
field  mice  and  other  rodents.  They  have  aesthetic  value 
or  beauty  in  themselves,  just  as  birds  do,  and  they  area 
very  interesting  group.  Many  have  commercial  value* 
the  skins  of  which  are  used  in  making  leather  goods. 

Snakes  belonging  to  the  families  Crotalidae  and 
Elapidae  are  poisonous;  however,  fatalities  resulting 
from  snakebite  in  the  United  States  have  never  been 
high,  considering  the  size  of  the  country  and  its  large 
population. 

Fear  of  snakes  is  due  to  a  lack  of  knowledge 
concerning  the  identification  of  poisonous  snakes  and 
some  of  the  fallacies  (not  facts)  thai  have  been  passed 
down  through  generations,  The  following  arc  some  of 
the  common  fallacies  and  facts  about  snakes: 

u.  Snakes  are  slimy.  This  is  not  true.  Snakes  are 
actually  cleaner  than  wc  are.  They  ha\e  hard  glossy 
shields  and  sealcs  covering  their  bodies  and  for  this 
reason  appear  slimv. 

b.  The  forked  tongue  of  some  snakes  is  poisonous. 
No.  the  tongue  is  a  harmless  organ  which  is  not 
poisonous  (in  e\en  the  poisonous  species)  and  is  a 
highly  sensitive  organ  of  taste  and  smell  It  also  detects 
\  ibraiions. 


15 


t\  The  tails  of  some  snakes  sting  or  have  poisonous 
properties.  Some  snakes  such  as  the  "horn  snake" (the 
correct  name  of  which  is  the  mud  snake)  have  hard, 
scaley*  and  pointed  tails  which  they  will  deliberately 
press  against  your  hand  when  you  restrain  them  but 
their  tails  are  not  poisonous, 

d  Some  kinds  of  snakes  commonly  attack  man. 
There  have  been  two  recorded  instances  of  snakes 
having  made  u provoked,  offensive  movements  toward 
man.  One  was  a  black  snake  with  her  young  and  the 
other  was  an  eastern  diamond  back  rattlesnake  with 
her  young.  Both  snakes  were  in  an  inclosed  area. 
Snakes  are  also  prone  to  bite  if  they  are  disturbed 
when  shedding  skin  and  during  the  breeding  period. 

e.  The  glass  snake  is  a  snake.  It  is  not  a  snake  but  a 
lizard  with  a  tail  twice  as  long  as  its  body.  The  tail  will 
grow  back  on  if  it  is  broken  or  knocked  off. 

f.  Snakes  can  charm  birds.  No*  the  bird  is  frozen 
with  fear  or  is  pretending  it  is  hurt  to  draw  the  snake 
away  from  its  young. 

A  snake  wttl  not  cross  a  horsehair  rope.  A 
horsehair  rope  does  not  stop  a  snake. 

h.  Snakes  take  milk  from  a  cow.  Snakes  will  drink 
milk  from  a  Saucer  but  not  from  the  cow. 

u  The  hoop  snake  will  chase  a  person  by  holdingits 
tail  in  its  mouth  and  rolling  over  and  over.  This  fallacy 
is  commonly  attached  to  mud  snakes  also  and  is  a 
physical  impossibility.  Snakes  have  a  back  bone  just  as 
man  does. 

/.  The  spreading  adder  or  blow  snake  (correctly 
called  the  hog-nosed  snake)  exhalesa  poisonous  vapor 
when  approached  or  offended.  These  snakes  do  inflate 
their  lungs  and  hiss  loudly  when  disturbed  but  there  is 
no  poisonous  vapor  emitted.  These  snakes  are  so 
harmless  that  if  the  hissing  sounds  and  flattened  head 
do  not  succeed  in  scaring  the  attacker,  the  snake  will 
roll  over  on  its  back,  open  its  mouth  wide,  and  play 
dead.  It  &  also  very  hard  to  enrage  or  excite  this  snake 
enough  to  make  it  bite. 

k.  Snakes  can't  bite  under  water.  Water  moccasins 
eat  fish,  so  how  do  they  catch  them?  They  bite  them 
and  inject  poison. 

Exercises  (821): 

Identify  each  statement  as  true  or  false,  Correct  the 
false  statements, 

  J.  Snakes  help  in  maintaining  the  "balance  of 

nature. rt 

  2.   Poisonous  snakes  belong  to  the  families 

Crotalidae  and  Elapidae. 
  3.   Fatalities  from  snakebite  in  the  United  States 

are  relatively  high, 

  4.   Snakes  are  not  slimy. 

  5,  Snakes    can't    bite    under  wlater. 

  6.   The  spreading  adder  exhales  a  poisonous 

vapor 

  7.   People  fear  snakes  because  snakes  often  will 

deliberately  make  unprovoked  offensive 
attacks  on  man. 


\ 

t 

/ 
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822.  Mitch  aUfltorCroUUdatsiuUuswitbitatcments 
;  pertaining  to  their  description*  distribution,  habitat, 
food*  breeding,  and  hiblU*  complete  other  ftatexnen 
concerning  the  Crotalidae  snake  family*  / 

/ 

/ 

Family  Crotalidae.  The  poison  snakes  of  the 
United  States  belong  to  two  families:  Crotalidae  and 
Elapidae.  The  Crotalidae*  the  family  of  long-fanged 
pit  vipers,  includes  the  bush  master  and  fer-de-lance  of 
South  America  and  the  copperhead,  water  moccasin, 
and  rattlesnake  of  this  country.  Pit  vipers  strike  their 
prey  from  a  lateral  loop  and  inject  a  large  amount  of 
toxic  venom,  which  almost  immediately  overwhelms 
the  victim.  When  the  prey  dies,  or  is  almost  dead*  the 
snake  swallows  it, 

Pit  vipers  are  so  named  because  of  the  facial  pit 
between  the  eye  and  nostril  on  either  side  of  the  head. 
This  pit  is  lined  with  a  delicate  epidermis  and  connects 
with  a  well-developed  nerve  whi^h  extends  backward 
to  the  brain.  Because  of  the  presence  of  this  nerve,  it  is 
believed  that  the  pit  is  sensory  in  nature,  being 
receptive  to  heat  waves  and  thus  directing  the  strike. 
The  pupil  of  the  eye  is  vertically  elliptical,  and  the  head 
is  flat  and  triangular  shaped,  possessing  a  poison  gland 
and  retractable  fangs  rigidly  attached  at  their  base  to 
movable  maxillary  bones. 

Water  moccasin.  This  is  a  stout  and  heavy-bodied 
snake,  with  an  abruptly  tapering  tail  and  a  chunky, 
ugly  head.  The  average  size  is  3  to  4  feet  (91.44  cm  to 
1.22  meters  in  length  but  some  specimens  have  been 
found  which  arc  5" feet  (1.52  m)  in  length.  The  body 
color  is  dark  brown  or  olive  with  10  to  15  wide,  black* 
transverse  blotches  (barely  showing,  or  not  at  all*  on 
the  back  of  old  snakes),  more  sharply  defined  on  the 
sides  of  the  body  than  on  the  back.  The  upper  and 
lower  lip  plates  are  yellow  and  the  inside  of  the  mouth 
is  white;  hence*  they  are  commonly  called  gappers  or 
cottonmoutks.  The  abdomen  is  yellow  and  is  blotched 
with  dark  brown  or  black.  The  young  resemble 
copperheads  because  they  have  a  pinkish  or  reddish 
brown  coloration  on  the  body  with  a  coppery  looking 
head.  There  is  a  broad  dark  band  through  the  eye: 

a.  Distribution,  Moccasins  are  found  from  the 
swamps  of  Virginia  through  Florida,  along  the  Gulf 
States  to  East  Texas.  The  range  northward  extends 
through  eastern  Oklahoma,  Arkansas,  Mississippi, 
southern  Illinois.  Indiana,  and  Tennessee. 

b.  Habitat.  They  arc  semiaquatic*  found  along 
sluggish  streams*  bayous*  lagoons*  and  swamps  and 
other  bodies  of  water  with  thick*  marginal  vegetation. 

c.  Food.  They  feed  on  frogs*  fish*  other  snakes, 
birds*  small  mammals,  lizards,  small  turtles,  baby 
alligators,  and  salamanders. 

d.  Breeding,  It  usually  takes  place  in  March,  and  7 
to  12  young  are  born  alive  in  August  or  September. 
The  pit  vipers  all  produce  living  young  (viviparous). 
The  young  are  more  brilliantly  marked  than  the  adults 
and.  as  we  have  mentioned,  are  frequently  confused 
with  copperheads. 
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*\  Habits,  Moccasins  are  sluggish  and  irritable  in 
the  wild  state.  A  thoroughly  aroused  cottonmouth 
throws  its  head  upward  and  backward  and  holds  its 
mouth  wide  open,  revealing  the  white  interior  These 
very  dangerous  snakes  resemble  closely  several  of  the 
nonpoisonous  water  snakes  (Matrix)  and  are  difficult 
to  distinguish  from  them  in  the  field.  Behavior  offers 
some  of  the  best  clues.  Water  snakes  usually  flee 
quickly  or  drop  with  a  splash  into  the  water,  but 
cottonmouths  often  stand  their  ground  with  a 
vibrating  tail  or  crawl  slowly  away,  in  the  fall 
moccasins  retreat  to  higher  ground  to  hibernate  and 
thus  are  not  necessarily  found  in  the  immediate 
vicinity  of  water. 

Copperhead.  These  are  richly  colored,  heavy- 
bodied  snakes  with  15  to  25  chestnut-brown 
crossbands  on  the  hazel  or  pinkish-brown  body.  These 
cross  bands  are  constricted  on  the  midline  of  the 
snake's  body  so  that  they  appear  as  hourglasses  from 
the  top  and  as  inverted  Vs  from  the  side,  The  average 
size  of  copperheads  is  about  3  feet  (9 1 .  44  cm)  long. 
The  uniform,  coppery  tinge  of  the  head  has  given  this 
snake  its  most  popular  name.  The  abdomen  is  pale 
pinkish  brown,  with  a  row  of  dark  spots  on  each  side 
(ventral  view).  The  copperhead  is  also  known  in  some 
parts  of  the  country  as  a  rattlesnake  pilot,  pilot,  or 
chunk-head; 

a.  Distribution.  They  are  found  in  central 
Massachusetts  and  through  all  of  the  Eastern  States  to 
northern  Florida,  along  the  Gulf  States  to  Texas, 
thence  northward  through  Arkansas,  Oklahoma, 
Kansas.  Missouri.  Illinois.  Indiana,  Ohio. 
Pennsylvania,  and  New  York. 

h  Habitat.  These  snakes  are  arboreal  as  well  us 
terrestrial,  frequently  climbing  vegetation  in  search  of 
lood.  They  are  found  in  rocky  or  wooded  areas  such  as 
the  mountainous  and  ledgy  regions  of  the  North  and 
inhabit  the  damper  deciduous  woods  and  low-lying 
stretches  of  cypress  growth  of  the  South.  These  snakes 
are  found  together  in  small  numbers  throughout  the 
year.  They  are  commonly  found  in  deserted  quarries  in 
the  North,  where  they  hibernate  in  the  rocks  with  their 
close  relatives,  the  banded  rattlesnakes. 

<■.  Food.  This  snake  has  a  highly  variable  diet, 
feeding  on  small  mammals  and  birds,  other  snakes, 
frog?),  and  insects  such  as  caterpillars  and  cicadas.  The 
food  preference  seems  to  be  seasonal. 

if  Breeding.  Mating  takes  place  in  April  or  May 
and  6  to  12  brilliantly  colored  young  a  re  born  alive  in 
August  or  September.  The  young  have  sulphur-yellow 
tmis. 

f  Habits.  As  in  the  case  with  the  other  pit  vipers, 
they  coi]  and  rapidly  v ih rate  their  tails  when  disturbed. 
Their  Coloration  is  highly  protective,  especially  when 
these  reptiles  are  motionless  against  a  haekground  of 
autumn-colured  leaves  As  a  general  rule,  they  are  less 
irritable  than  the  water  moccasin  and  will  seek  cover 
swiftly  when  disturbed,  except  when  they  are 
cornered.  Old  stone  walls  and  natural  ledgy  terrain 


should  be  approached  with  caution  because  they  are 
commqn  resting  places  for  this  snake. 

Rattlesnakes.  They  arc  the  most  interesting  and 
important  reptiles  inhabiting  North  America,  because 
at  least  one  species  is  found  in  every  State  except 
Alaska  and  Hawaii.  Rattlesnakes  are  so  named 
becaused  they  have  horny  interlocking  joints  at  the 
end  of  the  tail  thai  make  a  sharp  rattling  sound  when 
shaken.  Some  species  attain  such  a  large  size  that  they 
rank  high  in  point  of  deadlines*  among  the  venomous 
snakes  of  the  world.  They  are  highly  variable,  ranging 
from  18  inches  (45.72  cm)  in  the  case  of  the  pygmy 
rattlesnake  (Sistrurus  Miliarius)  to  6  feet  (1 .82  meters) 
in  the  case  of  the  eastern  diamond  back' rattlesnake 
{Crotaius  Miliarius),  The  same  species  may  vary  in 
color.  There  is  great  color  variation  in  both  yellow  and 
black  phases  of  the  banded  or  timber  rattlesnake.  The 
massasauga  (Sistrurus  Catenatus)  is  partial  to  bogs 
and  swamps,  while  the  horned  rattlesnake,  or 
sidewinder*  thrives  in  dry  desert  areas.  As  we  said 
before*  rattlesnakes  have  been  found  in  every  State 
except  Alaska  and  Hawaii*  but  their  headquarters 
(according  to  number  of  species)  is  the  southwest. 
Except  /or  the  southwest,  there  are  few  areas  where 
more  than  one  or  two  species  occur.  The  borders  of  the 
ranges  of  the  different  species  may  extend  slightly  into 
that  of  another./  Because  of  the  highly  diversified 
habits  and  characteristics  of  this  group  of  snakes,  we 
will  consider  only  the  eastern  diamondback 
rattlesnake,  the  largest  and  most  deadly  poisonous 
reptile  found  in  the  United  States.  It  ranks  among  the 
world's  most  deadly  snakes: 

<j.  Distribution.  The  eastern  diamonback  is  found 
from  Florida,  in  many  of  the  adjacent  keys,  northward 
through  the  Coastal  Plains  to  southern  North 
Carolina  and  westward  along  the  Gulf  States  to 
extreme  southeastern  Louisiana. 

/).  Description.  It  is  a  stout-bodied  olive  to  dark 
brown  snake  with  a  hold  pattern  of  large  black  or 
brown  diamonds  down  its  back.  These  diamonds  have 
bright  yellow  borders,  about  the  width  of  a  single 
scale,  and  become  obscure  toward  the  tail.  Beneath  the 
eye  is  a  dark  band,  bordered  on  each  side  with  a 
narrow  band  of  bright  yellow,  The  abdomen  is  dull 
yellow.  With  the  exception  of  a  more  vivid  pattern, 
young  specimens  are  like  the  parent.  They  commonly 
grow  to  6  feet  <  1 ,82  m)  but  may  attain  a  length  close  id 
9  feet f  2. 74  m)  and  weigh  12  to  15  pounds  (5.4  to  6.8  kg) 
or  more. 

t\  Habitat.  This  snake  inhabits  the  wild  brush 
country  of  (he  southern  lowlands,  where  pines  and 
palmettos  flourish,  These  snakes  have  been  commonly 
observed  hiding  under  the  broad  leaves  of  the  dwarf 
palmettos  during  the  day  and  leaving  them  at  twilight 
to  feed.  St>  closely  do  the  body  colors  blend  with  the 
vegetation  and  the  effects  of  sunlight  and  shadow,  that 
these  snakes  are  seen  with  some  difficulty. 

d.  Food,  These  huge  snakes  feed  largely  on  rabbits 
and  quaiL  principally  the  former.  They  wander  into 
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areas  of  dwarf  and  scrub  palmettos  in  search  of  their 
prey.  Hunters  and  other  persons  who  have  occasion  to 
enter  such  diamondbaek-infested  areas  should  take 
the  necessary  precautions  to  keep  from  being  bitten.  A 
description  of  the  poisonous  potentiality  ofthis  reptile 
is  shown  in  the  following  example,  The  maneuvers  of 
ihe  average  specimen  when  feeding  in  captivity  are 
interesting— a  medium  sized  rabbil  is  placed  in  the 
cage,  and  the  snake  shifts  Us  coils  to  a  striking  posture. 
The  rabbit  shows  no  sign  of  fear  and  may  hop  toward 
the  reptile,  which  draws  back  its  head.  While  nosing 
about,  the  rabbit  momentanlv  presents  its  side  to  the 
snake  and  like  a  Hash  the  deeu  is  done.  The  human  eye 
can  observe  but  two  things:  first,  the  snake  appeared  to 
strike  at  the  rabbit,  and  secondly,  to  have  barely 
touched  it  with  its  jaws.  The  snake  is  back  in  rhe 
original  position  before  the  rabbit's  frightened  squeal 
Is  over.  The  little  creature  bounds  forward,  rolls  on  its 
side,  kicks  convulsively,  and  is  dead.  Barely  1  minutes 
passes  from  the  time  of  the  serpent's  strike  to  the 
termination  of  the  dealh  struggle, 

e-  Breeding.  An  average  of  9  or  10  living  young  are 
born  in  August  or  September  They  are  about  J4 
inches  (35.6  cm)  in  length. 

/  Habits.  This  snake  Is  chiefly  terrestrial  in  its 
habits,  as  are  all  of  the  Croialus  species*  but  it  is  also 
some  what  arboreal,  seen  occasionally  in  low,  scrubby 
bushes,  tt  is  also  aquatic  because  it  takes  to  the  water, 
even  crossing  salt  water  among  the  nearby  keys  of 
Florida-  It  inky  even  be  seen  a  few  miles  out  at  sea. 
swept  there  by  the  outgoing  tides.  The  pygmy 
rattlesnake  and  the  massasaugas  differ  from  the 
Crotalus  species  in  thai  they  are  smaller  in  size  and 
thus  have  proportionately  smaller  rattles,  that  they 
have  nine  large  symmetrical  shields  or  plates  on  top  of 
the  head  similar  to  the  other  pit  vipers  (copperheads 
and  water  moccasins),  and  that  they  inhabit  a  damper 
habitat.  The  poison  of  some  pygmy  rattlers  is  actually 
more  toxic*  drop  for  drop,  than  venom  of  the  larger 
species, 

Exercises  (822); 

L    Match  column  A  with  Column  B. 


\t  !.r.*.L-*i  ^nc  ipc^iVs  l*.  [uund  in 
VvtTV  SlJk"  J'^epr  -Vfjvkj  ,IJ7iJ 

I  n*L  in*uk'  i>T  the  TJUiuth  in  futv 
t  rnv.  bands  iitl  the  huds  jppcjr 
huur^ljsses  from  ifaj  t^p  jmJ 
.3l  inserted  }s  friim  [he  -<ide 

I  hc\  jrc  tlugguh  jyid  lirndhh*. 
uill  drop  ^uiiiklj  irit^  rt,i:cr 
^niJ  rctrcu  in  hiyh  ^rumuS  in 
the  u)I 

H*i\tf  huTns  ifflci lot kinii  minK 

sl  t    !hc    ?fi*l    .i!  h,n; 

p.lUuDntiS  r l" p  1 1 IL'  in II lid  T  '  hk" 

t  S" 
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Found  from  tho  iwimps  or 
Virgmii  Ihiougti  Florida,  ilong 
the  Gulf  SUiei  to  Texas, 
catcridi  through  cistern 
Qklih&ma*  Arkansas,  Mi««- 
sippi.  ftovt hern  Illinois, 
Indians,  ind  Tennenee- 
Feeds  on  frogs,  fi*h>  other 
snakes,  birds,  j  in  all  mimmaJs, 
luards,  small  turtles,  baby 
allig&lors,  and  salamanders. 
Males  in  April  or  May.  Give 
birth  io  from  6  io  12  brilliantly 
colored  young  wiib  iidphur* 
yellow  tails. 

Feeds  on  small  mammals,  birds, 
other  snakes,  Imp,  afld  insecis. 


2.  The  head  of  the  pit  viper  is  (round /flat) 

3.  Fit  vipers  strike  their  prey  and  inject  a  (small/ 
large)  amount  of  toxic  venom. 

4.  Fit  vipers  have  pits  on  their  fheads/bocJies) 


6. 


The  sidewinder  rattlesnake  thrives  in  (swamps/ 

deserts)  

The  eastern  diamond  back  rattlesnake  is  the 
(smallest/ largest)  and  (least/ most)  deadly  reptile 
found  in  the  US  


823.  Indicate  whether  given  statements  concerning 
the  Eljpidft*  snake  family  are  true  or  false,  and  correct 
those  that  are  false. 

V 

Family  Elapidae,  With  the  exception  of  the  coral 
snakes,  this  family  inhabits  chiefly  Asia,  Africa,  and 
the  Malay  Archipelago.  Two  of  its  more  formidable 
family  members  are  the  black  mamba  of  Africa,  the 
males  of  which  actually  go  out  of  their  way  to  attack 
humans  during  the  breeding  season,  and  the  king 
cobra,  which  has  frequently  caused  as  many  as  20,000 
deaths  yearly  in  India, 

The  Elapidae  family  contains  two  species  of  coral 
snakes  found  in  this  country  fMicrurus  and 
Mkruroides)  which  differ  from  many  of  their  family 
relatives  by  ihe  "hood1"  apparatus  which  the  cobra  has. 
"I  he  corat  snake  grasps  its  prey  by  the  neck  or  body  and 
rapidly  chews  the  poison  inconsiderable  venom  is 
injected  and  the  prey  i.s  thu^  weakened  for  the 
swj]]ouing  process.  The  coral  .snake  holds'  on  and  ihe 
tangs  are  worked  along  the  nod>  until  the  prey  ts 
shifted  into  a  position  from  which  it  may  be  swallowed 
head  first 

fte  script  ion,  These  snakes  are  smooth,  shiny,  and 
cylindrical.  The  body  is  ringed  with  bands  af  red  and 
black  with  more  narrow  bands  of  yellow.  The  snout  is 
hlack  with  the  Mack  rings  bordered  with  yellow  and 
the  colors  red  and  ydlou  touching.  The  veriom- 
enndueung  apparatus  consists  of  short,  stout,  always 
erect*  4nd  irn  mm  able  tangs  nn  the  lorwurd  part  ul  the 
upper  iaw>  The  pupil  of  the  eye  is  round  und  the  head  ix 
the  s^me  si/e  a.s  the  nsrek 
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Dvtiribution.  Mtcrurus  is  found  from  North 
Carolina  south  through  Florida,  westward  to  Texas, 
and  northward  up  the  Mississippi  to  Indiana. 
Xficrureides  is  found  in  Arizona  and  New  Mexico. 

Habitat.  These  snakes,  which  average  2  to  2lA  feet 
[60,76  to  76.2  cm),  are  secretive  and  sometimes 
burrowing,  found  commonly  under  the  bark  of 
decaying  logs.  They  spend  ihe  majority  of  their  lives  in 
such  places  but  frequently  come  out  after  heavy  rains 
in  search  of  food, 

Fodd  These  snakes  feed  chiefly  on  small  snakes 
and  lizards. 

Breeding.  In  contrast  to  the  pit  vipers,  they  are 
oviparous,  laying  up  to  seven  elongate  eggs  in 
decaying  bark  ordamp  soil.  Little  else  is  known  about 
their  breeding  habits. 

Habits,  They  are  seldom  encountered  because  of 
their  secretive  habits,  fyul  they  are  sometimes  handled 
by  children  and  other  people  (through  ignorance  of 
"their  poisonous  properties)  because  of  their attractive 
coloration  and  unoffensive  nature.  They  rarely  bite 
hut  are  extremely  dangerous.  These  snakes  do  not 
strike,  as  do  the  pit  vipers,  but  grab  their  prey  and 
t  hru  the  venom  in.  Their  venom  is^bo  different  from 
that  of  the  pit  vipers.  The  coral  snakes  have  a 
neurotoxic  venorr  which  attacks  the  nervous  system 
and  the  thoracic  muscles,  especially  those  of  the 
diaphragm,  so  that  breathing  is  difficult.  The  poison  of 
the  pit  vipers  is  hemotoxic  and  effects  the  tissue  and 
the  rfd  blood  cells, 

Exercise*  <&23): 

Identify  the  statements  as  true  or  false,  and  correct  the 
false  statements. 

  I     Coral  ^n^kes  have  a  hemotoxic  venom. 


7,   Micruroides  is  found  in  New  York  and  New 
Mexico.  4*2 


—  B.   Coral  snakes  average  2  to  21/?  feet  in  length. 


 9.  Coral  snakes  are  usually  found  in  open  spaces 

sunning  themselves. 


—  10.  Coral  snakes  lay  eggs. 


824.  LWt  Ihe  symptoms  of  pit  viper  envenomfzitlon 
and  the  signs  of  coral  make  envenomizatioiL 

Symptoms  of  Snakebite.  The  following  outline  of 
signs  (what  another ,  person  can  observe)  and 
symptoms  is  divided  according  to  the  snake  family 
causing  the  poisoning. 

Envenomization  by  pit  vipers: 

c;.  Presence  of  one  or  more  fang  puncture  wounds 
(fig.  Ml- 

b.  Prompt  and  progressive  swelling, 
t\  Pain. 

d.  Ecchymosis  {bruiselike  discoloration), 

e.  Nausea  and  vomiting, 

/  Bleeding  from  the  fang  punctures. 

g.  Blister  formation. 

h.  Respiratory  and  visual  difficulties. 
L  Shock. 

/  Local  necrosis  (decay  of  tissue),  often  severe. 


2,  The  males  of  the  black  mamba  of  Africa  go 
out  of  i heir  way  iq  anack  humans  during  ihe 
breeding  beason* 


1  he  fohra  nil  eor,i1  snake*  are  from  diMercnt 
families 


■1     t  lie  k intj;  cobn  rnis  ciiu^'d     nuuv  .i*  2O.f)00 
dciiri^  \eurk  in  Lrnlui. 


  5     t  ur;d  snaki.^  have  .1  "h.ski  '* 


*    Co  Ml    Miaktv    arc    *  month,     iiiav.  and 
v\  lindncai. 


ktwetunmzutUrtl  hy  cf?rtif  stiukt's: 

u.  Presence  of  fang  puncture  pounds. 
Blurring  of  vision. 

t    Ptosis  (dropping  of  evelids),  unsleudy  gait, 

J,  A  feeling  of  thickened  tongue  and  throat, 
slurring  of  speech,  and  tingling  sensations. 

r.  Soft  tissue  swelling  at  the  puncture  point. 

f  Drowsiness,  lassitude. 

if   Nausea  and  smiting. 

It.  FxtxssKe  salivation  and  sweating. 

i  Burning  pain  .it  the  site  of  injury  (pain  and 
wseHinc  occa.NKinjIh  rna%  ht*  absent  in  the  presence  uJ 
cn\enumi^anon  t>\  certain  elapids*. 


Extrcbts  <KZ4): 

L    List  the  symptoms  of  pit  viper  en ve nomination. 


2.    List  the  signs  of  coral  snake  envenomization. 
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825.  Identify  given  statements  pertaining  to  the 
treatment  of  snakebite  as  being  true  or  false,  and 
correct  the  false  statements. 

Treatment  of  Snakebite.  Jn  the  course  of  your 
work,  you  may  be  required  to  enter  snake-infested 
areas.  Never  enter  such  an  area  aJone.  Follow  the 
approved  practice  of  proceeding  in  groups  of  at  leasl 
two  or  three  individuals.  If  you  or  one  of  your 
company  are  bitten  in  spile  of  precautions,  you  should 
seek  professional  medical  attention  at  once. 

If  you  can  get  professional  medical  treatment  within 
an  hour  after  the  time  of  the  bite,  you  should  disregard 
extensive  first  aid.  Keep  calm  and  proceed  for 
treatment 

In  the  event  that  you  arc  snakebitten  and  first  aid  is 
required,  there  are  a  few  rules  you  should  bearin  mind: 

(1)  Keep  cairn.  Excitement  stimulates  the  flow  of 
blood  and  shortens  the  length  of  time  required  for  the 
venom  to  reach  vital  organs. 

(2)  identify  the  snake,  if  possible.  Its  identity  is 
necessary  before  specific  an  liven  in  treatment  can  be 
given,  If  you  are  the  victim,  don't  spend  more  than  a 
few  minutes  at  tHis  activity  and  don't  move  more  than 
a  few  feet  away  Remember.  DO  NOT  stimulate  blood 
flow  unnecessarily.  If  you  are  able  to  kill  the  snake 
immediately,  check  for  fangs  in  the  snake.  Also,  check 
for  fang  marks  at  the  site  of  the  bite.  See  figure  I -4.  If 
the  snake  is  poisonous,  swelling  occurs  rapidly.  The 
skin  becomes  a  dark  purple  and  ordinarily  two 
puncture  p  pom  is,  made  by  Ihe  fangs,  are  seen  clearly, 
as  shown  on  the  left  in  figure  1-4,  Sometimes  only  one 
puncture  mark  appears.  Scratches  accompany  the 
puncture  wounds.  Nonpoisonous  snakebites,  shown 
on  the  right  in  figure  [-4,  appear  only  as  scratches. 

(31  Immobilize  ihe  bitten  part  in  a  position  below 
the  level  of  the  heart. 

(4J  Apply  a  constricting  tourniquet.  Put  it  2  to  4 
inches  closer  to  the  heart  than  the  site  of  the  bite. 
Reapply  the  band  ahead  of  the  swelling  if  it  progresses 
ap  the  arm  or  the  leg.  If  The  snake  is  positively 
identified  as  a  viper  f  rat  tier,  moccasin,  or 
copperhead),  apply  the  tourniquet  tight  enough  to 
occlude  venous  return  flow.  Be  sure  you  have  a  pulse 
below  the  tourniquet.  Release  the  tourniquet  I  minute 
every  30  minutes, 

(5)  II  you  are  giving  first  aid  to  another  person 
whose  breathing  fails,  administer  mouth-lo-mouth  or 
nu>ufh*tt>-nose  artificial  respiration.  Obtain  assistance 
from  the  nearest  medical  source  at  the  earliest  possible 
moment, 


I 

(6)  Make  incisions  and  begin  sqc^ofl  jL?  soon  as- 
possible.  You  should  take; this  step  preferably  within 
JO  minutes,  but  not  after  Khour  following  the  bite. 
VoU  should  perform  this  procedure  only  when  the  j 
snake  feTldenlifled  as  puiiunmg^or  when  swelling,  \ 
pain/amr^ther  symptoms,  as  Itstetfr^e^iously*  have  J 
developed^^d  Jtou  cannot  reacb  the  services  of  aft 
doctor  within\n^hpur^  Here  ajrc  the  general  rules  fop  i 
incision  and  suction  treatmtoq,t:  ^ 

a<  Sterilize  a.  sharp  instrument.  4 

b.  Make  the  cuts  through  the-fetng  marks  parallel  to 
the  long  axis  of  the  limb  and  deep  enough  to  allow  free 
bleeding.  Cuts,  should  be  about  W  inch  deep, and  Va 
inch  long.  Do  not  make  crosscut  incisions.  The 
incision  must  penetirfe  the, skin  butyiot  enter  muscles 
or  underlying  structures  (lendon,  blood  vessels/ or 
'  nerves).  NOTE:  Vou  should  never  ntaJce  incisions  on 
fingers*  hands,  wrists,  toes,  feet,  or  articles  unless  it  Ls 
ex'  mely  necessary  orfche  part  is  so  swollen  that  such 
in       <s  cannot  damage  Underlying  structures 

i  erform  suction-with  suction  cups  or  by  mouth, 
spitting  frequently,  and  continue  for  at  least  30 
minutes,  (Snake  poison  is  harmless  m  ihe  mouth 
unless  there  is  a  cut  there.)  [f  you  are  the  victim,  you 
can  do  this  yourself  if  .you  can  reaoft  the  fang  marks 
with  your  mouth. 

4.  Oct  medical  help  as  soon  as  possible. 

Most  antivenins  'produced  today  are  narrowly 
specific  and  neutralize  only  the  venom  that  was  used  in 
h  their  production.  Relationship  of  the  snake  species 
\(  for  example^tasing  rattier antivenin  fora  copperhead 
bite)  isAiot  a  safe  criterion  for  judging  the  value  of  an 


antivjrnin  in  treatment. 

Exercises  (825):  l  * 
Identify  the  statements  as  correct  or  incorrect,  and 
correct  those  that  are  incorrect. 
  J.   Never  enter  snake-infested  areas  alone. 


Entomology  personnel  may  administer 
antivenin.  ■  _  . 

WJien  treating  for  snakebite,  institute  incision 
and  suction  within  10  minutes  but  not  after  2 
hours. 


Snake  poison  is  harmless  to  the  mouth  which 
has  no  cuts 


—  5.  Nonmedical  personnel  should  never  make 
incisions  oq  fingers,  hands,  wrists,  toes*  feet 
or  ankles  unless  the  part  is  highly  swoJlen. 
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6.  The  best  rules  to  follow  when  a  worker  is 
bitten  by  a  snake  are:  heJp  the  victim  keep 
catmu  identify  the  snake  and  get  medical  help 
as  soon  as  possible, 


826.  Com  pick  given  statements  pertaining  to  the 
measures  thai  may  be  used  to  control  snakes. 

Site  Sanitation.  Removing  brush  and  woodpiles, 
keeping  vegetation  cut  short,  and  trimming  vines  and 
brushes  will  eliminate  harborage  areas  and  will 
discourage  snakes  because  this  eliminates  rodents 
from  the  area  which  are  the  food  source  of  snakes,  An 
effective'  rodent  control  program  will  aid 
immeasurably  in  controlling  snakes. 

Avoidance.  The  be.  -  personal  protection  against 
snakes  is  to  avoid  their  natural  habitats,  If  you  must 
enter  these  areas,  wear  hip  boots  and  make  sufficient 
noise  so  that  the  snakes  can  get  out  of  your  way  or  at 
least  warn  you,  Do  not  sit  on  Jogs  or  rocks  untiJ  after 
you  have  made  a  thorough  inspection. 

You  will  probably  be  required  to  answer  calls 
concerning  the  presence  of  snakes  in  or  under  various 
base  facilities.  Jn  this  ivenU  you  should  wear  hip  boots 
and  have  a  bright,  reliable  flashlight  and  a  good  set  of 
snake  tongs  because  you  must  inspect  every  area 
possible  within  the  facility,  including  the  attic  and  \ 
under  the  flooring,  providing  the  facility  is  designed  in 
this  manner. 


&d  ft 
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Chemical    Control.  The    use   of  chlorinated 
hydrocarbon    pesticidal   dust    has    been  prover 
somewhat  effective  for  the  control  of  snakes.  Wher.  y 
necessary,  these  chemicals  Can  be  used  as  barriers  and  / 
in  preparation  of  traps.  m 

One  foot  wide  barriers  of  dusts  surrounding  \ 
encampments  and  facility  grounds  are  effective  for  ^\ 
discouragingsnakes  from  entering  the  protected  areas. 

Traps  constructed  from  dampened  burlap  sacks 
that  contain  chlorinated  hydrocarbon  pesticidal  dusts 
can  be  placed  in  out  of  the  way  protected  areas  within 
or  around  a  facility  offers  good  control  of  snakes.  The 
dampened  burlap  sacks  attract  the  snakes  and  they  are 
poisoned  as  they  Jay  upon  them. 


Exercises  (826): 
I,    An  effective 


control  program 


will  aid  immeasurably  in  controlling  snakes. 

2.  The  best  personal  protection  against  snakes  is  to 
 their  natural  habitats. 

3.  The  use  of  hydrocarbon  pcstU 

cidal  has  been  proven  somewhat 

effective  for  the  control  of  snakes. 

4.  As  an  Entomology  Specialist  looking  far  snakes 

under  buildings,  you  should  wear  

  and  a  have  a  bright  reliable 


5.    Traps  constructed  from  dampened 


way  protected  areas. 


can  be  placed  in  out  of  the 
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CHAPTER  2 


Household  Pests 


HOUSEHOLD  PESTS  rob  the  citizens  of  the  United 
States  of  millions  of  dollars  each  yean  contaminating 
and  spoiling  far  more  than  they  eat.  When  present  in  a 
resiauranl  or  store,  [hey  repel  customers  and  cause 
economic  loss.  They  damage  clothing,  rugs,  and  other 
items.  They  cause  disease  in  and  transmit  disease  to 
people  and  their  domestic  animals.  In  your  job*  you 
should  be  able  to  recognize  common  household 
species,  know  their  public  health  importance,  and  be 
able  to  recommend  effective  control  procedures. 

2-1.  Cockroaches 

Cockroaches  (order  Dictuoptera,  family  Blattidae) 
form  che  oldest  group  of  insects.  They  are  among  the 
most  persistent  pests  and  exhibit  a  high -degree  of 
adaptability.  Although  many  species  live  outdoors: 
others  have  moved  indoors  and  have  become  among 
the  most  widely  distributed  and  most  numerous  of 
pests. 

This  section  covers  the  cockroach  species  that  are 
considered  to  be  important  household  pests,  the  life 
history  and  habitats  of  these  pesis,  and  the  controls 
thai  can  be  used  to  manage  them. 

827*  State  the  Importance  and  give  the  general 
Identifying  characteristics  of  cockroaches. 

Importance.  Cockroaches  are  the  most  important 
household  pests  Infesting  homes,  hotels,  restaurants, 
bakeries,  and  many  other  food  serving  establishments. 
Cockroaches  have  become  well-adjusted  to  living  with 
man  They  harbor  in  the  erack.s  and  crevices  provided 
hv  human  buildings.  They  subsist  on  the  bits  of  fond 
scattered  where  humans  live  or  travel.  Cockroaches 
ha\e  been  reported  nibbling  on  the  eyelashes, 
fingernail*,  and  loenatL*  of  sleeping  children.  They 
impart  an  Ljnsa\ory  odor  and  jaste  to  food  they  infest. 
Click  roaches  prey  on  bedbugs.  They  carry  the 
uranisms  cauMng  em  eric  diseases  (diarrhea, 
tlv-x-nterv  typhoid,  food  poi.-snntng)  from  sesvers  and 
garhagt-  can>  to  the  food  of  humans-  The  rat  tapeworm 
t H\  memitvptx  dxmmuia)  ean  be  picked  up  by 
cockroaches  (a*  well  a*  by  mealworms,  fleas,  and  other 
arthropods)  and  then  transmitted  to  humans  through 
i fie  insect's  fecal  material.  This  disease  is  not 
considered  mThhh.  hee.iUM=  of  the  limited  number  »t 
human  eu.se?;>  the  cockrnjeh  in  its  irun%ni^sion  can  he 
considered  minor 


General  Characteristics.  Cockroaches  (fig.  2-0 
undergo  gradual  metamorphosis  and  progress 
through  nymphal  stages  to  the  adult  There  are  about 
55  species  in  Ihe  United  States*  but  only  5  are  common 
pests  indoors. 

Most  species  possess  wings.  When  present,  there  arc 
two  pairs  with  the  front  pair  Usually  being  long, 
narrow,  opague*  and  leathery.  Cockroaches  have 
chewing  mouthparts  and  can  usually  be  recognized  by 
their  oval,  flattened  shape,  the  head  concealed  under 
the  pronotum*  and  the  long  bristlelike  antennae. 

These  insects  are  live  in  groups  and  are  active  at 
night.  They  prefer  warm*  damp,  secluded  hiding 
placing  during  the  daytime,  such  as  electrical  panel 
boxes,  refrigerator  insulation,  sink  cabinet,  drain  pipe 
areas,  furnace  rooms,  sewers,  food  service  equipment, 
cracks  and  crevices  of  floors*  wails  and  furniture. 

The  eggs  of  cockroaches  are  inclosed  within 
purselike  capsules  called  oothecae.  which  may  contain 
from  12  to  50  eggs,  depending  on  the  species.  The  eggs 
a^e  contained  in  two  rows  of  divided  chambers.  The 
female  often  carries  the  ootheca  protruding  frod  the 
end  of  the  abdomen  for  several  days  before  dropping  it 
or  gluing  it  to  a  surface. 

The  tiny  white  nymphs  that  emerge  from  the  eggs 
closely  resemble  the  adults  They  go  through 
successive  periods  of  growth  separated  by  molts  and 
form  the  adults. 


Exercises  <827>: 

Complete  the  following  statements. 

1.  Cockroaches  are  the  most  important  household 

pests,  infesting  

 f  and  

2.  Tlicy  harbor  in  and  

provided  by  human  buildings, 

3.  They  subsist  on  the  of  . 

man  scatters  where  he  or  

4.  Cockroaches  are  on  bed  bugs. 

5.  They  carry  the  organisms  causing  enteric  discuses 

f   

.  :  ) 

from  sewers  and  garbage  cans  to  ;he  

of  man. 

h     Ilk*  r:n  uipruorm  can  bt!  picked  up  by  coek- 

roachc*.  us  well  as  by  

drut  other  arthropods. 
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Figure  2-\    The  tichckroiich 
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7.  There  arc  about  ,  cockroach 
species  in  the  United  States, 

8.  These  insects  live  in  groups  and  are  active  - 

and  p"f»r 

 ,   hiding  places  during  the  other 

pan  of  the  day. 

9.  The  eggs  of  cockroaches  are  inclosed  within  a 
purselike  capsule  called  . 

10.  The  tiny  white  which  emerge  from 

the  eggs  closely  resemble  the  . 


928*  Relate  gl>*n  cockroach  species  to  their 
identifying  characteristics. 

The  five  most  important  indoor  cockroaches  are 
[he: 

•  German, 

•  Brown-banded 

•  Oriental. 

•  American, 

•  Australian. 

German  Cockroach.  The  German  cockroach 
f  Blattelia  xermaniCQ)  may  also  be  known  as  the  "water 
bug*  or  "croton  bug"  and  is  the  most  active,  widely 
distributed,  and  serious  household  cockroach. 

Both  sexes  are  fully  winged  and  very  similar  in  size 
(approximately  13  mm  Jong)  and  coloration  (pate 
brown  body  with  wo  parallel,  longitudinal,  black 
Mripes  on  the  pronotum).  The  Small  nymphs  arc  black 
with  a  tan  stripe  down  the  middle  of  the  pronotum 
extending  from  behind  the  head  onto  the  base  of  the 
abdomen.  See  Appendix  B,  in  a  separate  inclosurc. 

This  cockroach  is  abundant  in  kitchens,  bathrooms, 
ami  pantries*  The  most  common  way  for  it  to  enter 
buildings  is  with  onions,  potatoes,  and  bottled  drinks* 

The  German  cockroach  has  a  relatively  short 
developmental  period,  lasting  from  2 to 4  months.  The 
ooiheca  is  yellowish  and  contains  30  to  40  eggs  and  is 
almost  as  large  as  the  abdomen  of  the  female.  It  is 
carried  by  the  female  at  the  end  of  her  abdomen  until  a 
day  or  so  before  hatching  occurs.  This  egg-carrying 
process  is  accomplished  only  by  this  species. 

Brown-Banded  Cockroach.  The  brown-banded 
cockroach  (Supella  supelfcailium)  is  one  of  the  most 
difficult  cockroaches  to  control  because  it  does  not 
confine  its  activities  to  the  kitchen  and  pantry,  but  may 
be  found  throughout  the  building. 

The  brown-banded  cockroach  resembles  the 
German  cockroach  but  is  slightly  smaller.  It  has  two 
light  brown  crossbands.  one  at  the  base  of  the 
brewings  and  one  1,5  millimeters  further  back. 

The  males  and  females  are  so  different  in  general 
appearance  thai  they  are  commonly  identified  as  two 
different  species  of  insects.  The  male  is  longer  more 
sltrnder  and  a,  lighter  or  yellowish-tan  color  with  the 
uings  longer  than  the  abdomen,  The  female  is  shorter 
more  heavily-bodied  and  dark  brown  in  color.  Her 


wings  do  not  extend  beyond  the  abdomen.  You  can  see 
these  differences  in  Appendix  B,  page  B-13  (in  a 
separate  inclosurc). 

The  nymphs  are  usually  more  clearly  "brown-^ 
banded"  than  the  adults.  They  have  a  light  transverse 
band  on  the  thorax  and  a  similar  band  on  the 
abdomen. 

The'  brown-banded  cockroach  can  be  found 
anywhere  in  a  building.  It  may  be  found  in  a  desk 
drawer  or  behind  a  picture  frame.  Besides  feeding  on 
foodstuffs,  it  feeds  upon  the  glue  on  postage  stamps, 
sizing  in  books,  wallpaper  paste,  and  other  articles  not 
normally  considered  to  be  food. 
.  The  ootheca  is  shorter  than  that  of  the  German 
cockroach.  It  is  about  4.6  mm  long,  usually  yellowish 
or  reddish-brown  in  color.  It  turns  green  when  the  eggs 
are  near  development.  There  are  usually  18  eggs  per 
capsule,  13  of  which  generally  hatch. 

Oriental  Cockroach.  The  Oriental  cockroach 
(Blatia  orferttaiis)  is  one  of  the  ftlthest  cockroach 
species  because  of  its  prevalence  in  sewer  lines,  damp 
and  dirty  basements,  and  other  unsanitary  places. 

This  cockroach  is  dark  brown  or  black  and  is  from 
2.5  to  3.2  mm  long.  The  male  is  slightly  shorter  and 
narrower  than  the  female  and  bears  shortened, 
truncated  wings  which  cover  one-half  to  three-fourths 
of  the  abdomen.  The  female  has  only  short,  ova]  wing 
pads  as  shown  in  Appendix  B(in  a  separate  jnclosure). 

Immature  stages  are  entirely  dark-brown  or  black 
and  are  similar  to  those  of  the  American  cockroach. 
They  lack  the  fleshy  pad  (arolia)  between  the  tarsal 
craws  which  is  present  in  all  stages  of  the  American 
cockroach. 

This  cockroach  is  found  abundantly  in  kitchens  and 
pantries.  It  is  also  fond  of  warm,  damp  basements, 
areas  containing  steam  and  water  pipes,  sewer 
systems,  and  theaters. 

The  female  carries  the  dark  reddish-brown  egg 
capsule  for  only  30  hours  before  depositing  it.  The 
capsule  contains  approximately  16  eggs. 

American  Cockroach,  The  American  cockroach 
(Periplanew  americana)  is  the  largest  of  the  five  major 
cockroaches  and  one  of  the  filthiest  along  with  the 
Oriental  cockroaches.  It  is  a  large  (3.8  cm)  reddish- 
brown  cockroach  with  both  sexes  having  well- 
developed  wings  which  extend  beyond  the  length  of 
the  abdomen.  Only  the  mate  has  cerci  and  styii.  Jthasa 
pale  area  surrounding  the  pronotum*  See  Appendix  B 
fin  a  separate  inclosure). 

The  First  stage  American  cockroach  nymph  has 
entirely  dark  antennae.  The  later  American  cockroach 
nymphal  stages  have  an  entirely  dark  abdomen. 
Indoors  this  cockroach  may  be  found  in  warm  places, 
such  as  sewer  systems.,  basements,  and  steam  tunnels. 
During  the  warm  months  it  can  be  found  in  such  places 
as  trees,  dumps,  outbuildings,  and  woodpiles.  This 
species  causes  extensive  damage  to  book  bindings, 
manuscripts,  clothing,  labels,  and  foods  intended  for 
human  Consumption. 
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'  The  ootheca  of  [he  American  cockroach  is  reddish- 
brown,  and  is  about  I'/j  times  as  long  as  wide.  It 
contains  about  14  eggs  which  require  a  2-month 
incubaiion  period.  All  of  the  eggs  are  deposited  within 
the  oothcca  in  about  a  24-hour  period*  afterwhtch  the 
capsule  may  be  dropped  at  random  or  attached  to 
some  surface. 

Australian  Cockroach,  The  Australian  cockroach 
( Pvripianeta  auxtraiasiae)  is  a  less  Serious  pest  than  the 
tour  previous  species. 

This  cockroach  is  slightly  smaller  than  the 
American  cockroach*  being  slightly  less  than  2,5  mm 
long  with  a  vivid  pale  area  surrounding  the  edge  of  the 
pronmum.  The  front  wings  have  an  outer  pale  streak 
at  the  base.  See  Appendix  B  (in  a  separate  inclosure). 
Both  sexes  are  fully  winged  and  similarly  marked, 

The  nymphs  are  strikingly  marked  with  yellowish 
^pots  on  the  thorax  and  abdomen.  This  cockroach  is 
commonly  found  inside  of  buildings  as  well  as  out  of 
doorv  In  cold  weather  it  frequently  is  abundant  in 
heated  buildings,  such  as  greenhouses. 

The  ootheca  contains  approximately  25  eggs.  The 
hatching  nymph.s  wiJf  moft  about  nine  times  before 
maturity. 

Exercises  (8281; 

I     Match  the  cockroach  species  in  column  B  with  the 
identifying  characteristics  in  column  A. 
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829.  State  the  methods  you  can  use  to  control 
cockroaches. 

Physical  Preventive  Cunt  mis.  Because  ot 
ctu'kroiich  hahits.  good  sanitation  is  imperative  in 
iiirhiftinj;  and  maintaining  good  control.  In  the 
jrvicnce  m  reasonabk  good  sanitation,  chemical 
control  measures  Ciinnot  he  fully  effective. 

Vuu  must  remme  all  food  scraps  and  residues, 
including  iirejsx  lilms.  a*  ui  Kimc  procedure  in 
cockroach  control.  [)o  not  limn  *ueh  sanitation 
miMsures  In  (nod  facilities  Significant  lnlestations  can 


develop  around  vending  machines  and  adjacent 
refuse  containers  which  receive  empty  milk  cartons, 
ice  cteam  bar  wrappers,  and  similar  packaging.  These 
containers  invariably  retain  a  food  residue. 

Food  should  be  kept  in  closed  containers  to  reduce 
availability  to  cockroaches  although  the  primary 
consideration  here  is  preventing  contamination. 

Whenever  practicable  food  and  containers 
particularly  susceptible  to  cockroach  infestation 
should  be  checked  outside  before  they  are  brought  into 
homes,  hotels*  and  food-serving  establishments. 

Water  should  not  be  allowed  to  run  or  seep  into 
harborage  areas  where  it  will  maintain  humidity 
conditions  favorable  for  cockroaches. 

Proper  design  of  structures  and  food  service 
equipment  and  placement  of  equipment  is  important 
in  reducing  harborage  and  in  making  sanitation  easier. 
Partitions  and  counters  and  other  building 
modifications  often  give  excellent  harborage  for 
cockroaches.  Food  service  equipment  should  be 
designed  and  installed  to  minimize  areas  in  which  food 
residues  tend  to  accumulate  and  to  make  thorough 
cleaning  as  easy  as  practicable  under  limiting  space 
and  other  conditions. 

Chemical  Control.  In  households  pesticides  should 
be  applied  as  a  spot  treatment,  using  a  coarse  spray  or 
a  dust  to  treat  along  baseboards  and  water  pipes*  in 
cabinets*  under  refrigerators,  and  behind  stoves. 
Staining  problems  may  arise  in  treating  certain  types 
of  surfaces.  Be  careful  when  you  spray  oil-fase 
solutions  around  asphalt  or  vinyl  tile  floors.  Spillage 
on  surfaces  of  this  type  causes  a  softening  and  surface- 
marring  effect. 

Studies  have  shown  that  the  activity  of  insecttcidal 
residues  is  markedly  influenced  by  the  type  of  material 
to  which  the  formulation  is  applied.  Compounds  that 
are  somewhat  volatile  persist  longer  on  painted  metal 
surfaces  than  on  unpainted  metal*  whereas  the  reverse 
may  be  true  with  other  toxicants. 

For  controlling  cockroaches  in  dining  facilities,  pin- 
stream  spray  insecticides  into  cracks  and  crevices  in 
ualls.  baseboards,  furniture,  fixtures,  cabinets,  and 
other  places  where  cockroaches  hide.  Blow  dust  into 
dead  spaces,  or  on  electric  wires,  fuse  boxes,  and  other 
iiems  t**h«.*ft  *prayv  might  damage. 

Several  compounds  are  available  far  use  us  baits. 
The  speed  of  kill  and  the  length  of  activity  vary  with 
the  insecticide, 

Dust  applications  offer  an  advantage  over  liquid 
treatments  in  that  they  give  better  penetration  oi 
inclined  areas,  such  as  beneath  cabinets  and  in  wall 
voids.  They  are  not  normally  used  in  visible  areas 
because  of  Their  unsightly  appearance.  The  drift 
qualities  of  Uust  cnahle  them  to  be  used  in  any  area 
that  is  difficult  to  spray.  A  disadvantage,  however,  is 
that  cockroaches  tend  to  avoid  dust  deposits.  Certain 
'J  usis  containing  fluoridated  .silica  aerogel*  arc 
reported  to  iicl  a.s  a  desieeanl  us  well  as  a  rcpellani  in 
cockroaches 
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The  use  of  aerosol  formulations  in  combination 
with  a  residual  spot  treatment  is  of  value  in- flushing 
the  insects  from  protected  recesses  and  obtaining 
quick  kills  in  heavy  infestations.  The  residual 
treatment  should  precede  the  aerosol  application.  In 
other  instances,  the  application  of  the  spot  treatment 
together  with  baits  may  be  more  effective  than  either 
application  alone. 

Of  the  various  species  of  cockroaches  associated 
with  humans,  the  German  cockroach,  Blattella 
germanice*  is  of  greatest  significance  not  only  because 
of  its  widespread  distribution  but  also  because  it  alone 
has  shown  the  ability  to  develop  resistance  to  many  of 
the  insecticides  used  for  cockroach  control  Since  the 
detection  of  resistance  to  chlordane  in  this  species  in 
1953,  the  organophosphorus  insecticides  have  been 
routinely  used  for  its  control.  However,  during  the 
past  decade  populations  resistant  to  diazinon. 
fenthion,  and  mala th ion  have  been  detected  in  several 
parts  of  the  United  States.  Resistance  to  malathion 
appears  to  be  specific  but  that  to  diazinon  extends  to 
related  chemicals.  Recently,  a  strain  slightly  resistant 
to  propoxur  (Baygon),  a  carbamate,  was  reported 
from  Louisiana.  Despite  the  occurrence  of 
organophosphorus-rcsistant  populations  in  certain 
localities,  such  resistance  has  not,  as  yet,  created  a 
widespread  control  problem. 

Exercises  1829): 

Complete  the  following  statements  concerning  the 

methods  of  controlling  cockroaches. 

L    Because  of  cockroach  habits,  

 is  imperative  in  achieving 

and  maintaining  good  control 

2.  In  the  absence  of  reasonably  good  sanitation, 

 control  measures  cannot  be 

expected  to  be  fully  effective. 

3.  The  wide  variety  of  food  acceptable  to  cock- 
roaches makes  removal  of  

 *  and  , 


including . 


a  basic  procedure  in  cockroach  control. 

4.  Significant   infestations   can   develop  around 
 machines. 

5.  Food  should  be  kept  in  containers 

lo  reduce  availability  to  cockroaches. 

rV    In  households,  pesticides  should  be  applied  as  a 
 treatment,  using  a  


spray  or  a . 


.  to  treat  baseboards. 


7.    Caution  should  be  used  when  spraying  oilbase 

solutions  around  or  

tile  floors.  - 

H,    Dust  applications   offer   an  advantage  over 

 treatments  in  that  they  give 

 of  inclosed  areas. 


belter 


Dusis  are  noi  normally  used  in 
areas  because  of  their  


appearance. 


10,  The  use  of  aerosol  formulations  in  combination 

with  i  !  spot  treatment  is  of  value 

in  Hushing  insects  from  protected  


II.  The  German  Cockroach  has  shown  the  ability  to 
develop  a  to  many  of  the  insec- 
ticides used  for  cockroach  control. 


2-2.  Silverflsh  and  Firebrats. 

Although  these  insects  are  not  nearly  as  important 
as  the  cockroaches*  they  do  become  severe  pests  in 
many  homes  and  other  facilities  at  times, 

This  section  will  five  you  Information  pertaining  to 
their  importance,  characteristics,  and  the  controls  that 
can  be  employed  against  them. 

830.  Determine  whether  given  statements  correctly 
reflect  the  Importance  md  the  characteristics  of 
sllverfish  and  firebrats. 

Importance  and  Characteristics  of  Silverfiih  and 
Firebrats.  Besides  the  fact  that  these  insects  are 
annoying,  they  attack  such  materials  as  Book 
bindings  photographs,  wallpaper*  labels,  and  the 
sizing  of  any  of  these  paper  products,  They  also  attack 
starched  Clothing,  linen,  rayon,  cereals,  and  grain.  In 
spite  of  their  pre  valence  and  constant  close  association 
with  humans,  silverflsh  and  firebrats  do  not  appear  to 
be  vectors  of  any  human  diseases. 

The  silverflsh  and  firebrats  (order  Thysanura* 
family  Lepismatidae)  are  the  commonest  forms  of  the 
most  primitive  insects,. They  aresmall(l9  mm  lotig), 
carrot  shaped,  fast  moving,  wingless  insects.with  long 
antennae.  The  abdomen  of  these  insects  is  long  and 
bears  three  appendages  (a  pair  of  cerci  and  a  median 
caudal  filament)  on  the  posterior  end.  The  color  of  the 
silverflsh  is  a  uniform  glistening  silver*  while  the 
flrebrat  is  grayish  and  mottled  with  dark  markings. 
,  Silverflsh  and  firebrats  exhibit  little  or"  no 
metamorphosis,  the  young  looking  very  much  like  the 
adults.  Development  of  the  common  silverflsh 
(Lespisma  SQCcharina)  requires  about  12  weeks  from 
egg  to  adult.  Silverflsh  range  far  from  their  hiding 
places  at  night  in  search  of  food;  and  will  quickly  infest 
an  entire  building,  They  harbor  where  food  and 
moisture  can  be  readily  obtained.  Firebrats  harbor 
under  hot,  dry  conditions*  such  as  behind  stoves  or 
around  fireplaces, 

Exercises  (830); 

Identify  the  statements  below  as  correct  iC)  or 
incorrect  (I)  and  correct  the  false  statements, 

—  1 .  Silverflsh  and  firebrats  attack  book  bindings, 
photographs,  wallpaper,  labels,  and  sizing  of 
paper  products. 


2.   They  also  attack  cereal  and  grain  hut  not 
clothing. 
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  3.  Silverfish  and  fircbrats  do  not  seem  to  be 

vectors    of   any    human  diseases. 


4.  Silverfish  and  fircbrats  are  the  commonest 
forms    of   the    most    primative  insects. 


Silverfish  have  two  sets  of  wings  while  firc- 
brats have  only  one  set. 


6.  Silverfish  and  firebrats  sometimes  infest 
entire  buildings. 


831.  State  the  control  measures  that  can  be 
implemented  In  managing  silverfish  and  firebrats. 

Exercise  the  same  care  in  controlling  silverfish  and 
firebrats  in  homes,  domitorics.  bakeries,  and  diniiig 
facilities  as  you  would  in  controlling  cockroaches. 

Physical  Control.  Silverfish  and  firebrats  can  be 
controlled  Co  some  extent  by  inspecting  furniture* 
carpels*  and  other  cloth  goods  before  placing  them 
within  a  facility,  especially  those  items  that  have  been 
stored  or"  shipped  during  transfers. 

Reducing  food  supplies  to  the  least  amount 
practicable  may  be  of  same  benefit  in  preventing 
damage.  Physically  excluding  these  arthropods  from 
stored  susceptible  fabrics  will  prevent  infestations. 

Chemical  Control.  Silverfisti  and  firebrats  can  be 
controlled  by  applying  residual  insecticide  emulsions 
(see  Appendix  A.  in  a  separate  enclosure,  for 
recommended  chemical  and  application  methods  and 
rates)  to  cracks  and  crevices  and  behind  furniture. 
Give  special  attention  to  the  basement,  attic,  closets, 
ovens,  and  around  bookcases.  A  good  cockroach 
control  program  will  normally  control  silverfish  and 
firebrats. 


Exercises  (Mlfc 
L    A  good 


  cootrol  program  will 

normally  control  silverfish  and  fircbrats. 
Silverfish  and  firebrats  can  be  controlled  to  some 

extent  by  inspecting  , 

and    other   goods  before 

placing  them  within  a  facility. 
To  control  silverfish  using  malathion,  apply  as  a 
 spray  or  apply  with  a  . 


brush  to 
beneath  _ 


,  surfaces  behind  and 


and 


similar  areas  where  insects  hide. 


2-3*  Bedbugs 

The  common  bedbug  has  been  a  pest  of  humans 
since  prehistoric  times  and  has  spread  to  most  parts  of 
the  world.  This  insect  has  been  prevalent  in  Europe  for 
centuries  and  has  been  in  this  country  since  the  early 
colonial  days  although,  it  apparently  was  unknown  to 
the  American  Indian.  The  bedbug  gains  access  to 
living  quarters  in  traveling  bags  and  laundry  or  by 
migration.  It  is  frequently  transferred  from  person  to 
person  in  transportation  facilities. 

This  section:  (1)  identifies  the  bedbug  and  its 
importance,  (2)  describes  its  characteristics.  (3)  relates 
its  life  history  and  habits,  and  (4)  names  the  controls 
that  can  be  employed  against  bedbugs. 

832.  Describe  the  bedbug's  appearance  and  its 
relationship  with  people. 

7 

Identifying  Characteristics.  The  adult  bedbug  (fig, 
2-2}  is  approximately  5  mm  long,  3  mm  wide,  and 
reddish  brown  in  color,  The  flattened  oval  body  is 
adapted  for  hiding  in  narrow  crevices.  The  head  bears 
a  pair  of  four-segmented  antennae  and  piercing- 
sucking  mouth  parts  which  fold  to  lie  between  the  first 
pair  of  legs.  The  wings  are  represented  by  pads.  The 
body  may  become  greatly  enlarged  and  blood  red 
during  the  taking  of  a  blood  meal.  The  bedbug  belongs 
to  the  order  Hemiptera  and  the  family  Cimicidae. 

Relationship  with  Humans.  Both  sexes  of  the 
bed  bug  feed  on  mammalian  (any  of  the  highest  class  of 
vertebrates)  blood,  particularly  that  of  humans. 
Bedbug  bites  differ  from  flea  bites  because  they  don't 
leave  a  red  spot  surrounded  by  a  circular  reddish  area 
fading  into  the  normal  skin  as  does  the  flea.  Bedbugs 
have  not  been  proved  to  be  an  important  disease 
bearer*  but  heavy  infestation  can  lead  to  human 
nervous  and  digestive  disorders*  The  two  species  of 
bedbugs  that  attack  humans  are  the  Cimex  kctularxus 
and  the  Cimex  hemipterus*  the  first  one  being 
predominant  in  temperate  regions  and  the  second 
being  predominant  in  tropical  regions. 

Exercises  (832); 

I     What  are  the  size  and  color  of  the  normal  adult 
bedbug? 


2.    What  is  the  appearance  of  the  bedbug  during  a 
blood  meal? 


3.    What  sex  and  species  attack  humans? 


4.    What  effects  do  bedbug  bites  have  o^n  humans? 
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Figure  2-2,  The  bedbug. 


833,  State  the  general  habits  and  describe  the 
development  of  bedbugs. 

Habits.  Bed  bug- infestation  can  be  detected  by  the 
characteristic  buggy  odor,  blood  stains  on  sheets,  and 
feca!  stains  along  crevices.  This  insect  is  very  seldom 
seen  during  the  daytime  because  or  its  nocturnal 
habits. 

Development  Bedbugs  develop  through  a  gradual 
metamorphosis.  The  female  lays  very  few  eggs  until 
she  has  had  a  meal  of  blood.  Generally,  a  single  blood 
meal  is  sufficient  for  each  inslar  or  nymphal  stage  after 
the  first,  She  lays  from  I  to  5  eggs  daily  for  a  period  of  2 
months  or  until  approximately  200  eggs  are  deposited. 
Complete  developmeni  from  egg  to  adult  takes  from 
tft  tn.5n  days  [depending  on  the  temperature).  The 
adult  lives*  from  6  to  12  months.  The  female  can  live 
nearly  a  year  without  food  and  can  endure  freezing 
temperatures  for  varying  periods  of  time. 

Exercises  (478): 

Complete  the  following  sentences. 

L  Bedbug  infestation  can  be  detected  by  the  charac- 
teristic  . 

.  :_    stains    on    sheets,  and 

 stains  along  crevices. 

2.    The  time  of  day  bedbugs  are  usually  seen  is 


_V    Bedbugs  develop  through  a  gradual  

4.  The  female  bedbug  lays  very  few  eggs  until  she  has 
had  a  of  . 

5*     Complete  development  from  egg  to  adult  takes 

from    to   

days,  depending  on  the  . 

fv    The  adult  bedbug  lives  from  

to  months. 

"  The  female  tan  live  merely  u  with- 
out  and  t;an  endure  

temperatures'  tor  varying  periods  nf  time. 


834.  Give  appropriate  bedbug  management 
techniques. 

Control  of  Bedbugs.  You  can  effectively  control 
bedbugs  in  living  quarters  by  applying  an  approved 
insecticide  emulsion  (see  Appendix  A,  in  a  separate^ 
inclosure,  for  chemicals  to  use  and  read  insecticide 
label)  to  infested  mattresses,  pillows,  bedsteads* 
baseboards,  furniture,  crevices,  and  behind  doors  and 
window  frames.  One  application  of  an  approved 
chemical  solution  should  control  bedbugs  for  more 
than  a  year  The  bedbug  is  so  susceptible  to  insecticide 
poisoning,  that  it  is  possible  to  eliminate  the  pest  from 
living  quarters  and  other  places.  Fumigation  and  other 
types  of  treatment  are  unnecessary.  The  control  of 
bedbugs  has  changed  from  a  major  problem  to  a  very 
minor  one. 

When  you  are  preparing  to  spray  quarters,  remove 
the  clothing*  rubber  material,  gas  masks,  and  other 
objects  that  you  must  protect  from  kerosene.  Do  not 
remove  bedding  or  other  items  that  may  be  infested* 
because  the  bedbugs  may  be  transferred  in  them  to  a 
new  location.  For  good  results  when  spraying,  follow 
the  steps  outlined  below; 

47.  Move  beds  away  from  the  wall  to  permit 
spraying  the  wall  surfaces. 

b.  Fold  mattresses  and  place  in  the  center  of  the  bed 
at  an  angle  of  45°. 

c.  Open  windows  for  ventilation  before  starting 
spray  operations.  Apply  residual  spray  at  a  rate  of  I 
gallon  to  1,000  square  feet  of  area.  Use  the  standard  2- 
gallon  sprayer  with  a  fan-spray  nozzle  and  a  pressure 
of  30  to  40  psi.  Apply  the  spray  to  point  of  runoff 
without-filling  the  air  with  a  foglike  mist. 

With  a  two-man  crew,  beginat  one  end  and  work 
around  the  room,  spraying  cracks,  wall  beams  and 
braces*  and  other  places  likely  to  harbor  bedbugs, 
Spray  to  a  height  of  about  4  feet  from  the  floor  for 
single  beds  and  6  feet  if  double-tier  beds  are  used. 

e.  Spray  one  end  of  the  bed,  including  the  coils  and 
covers*  and  one  folded  edge  of  the  mattress.  Return  up 
the  opposite  side  and  spray  the  bed*  coils,  comers,  and 
mattress  edges.  Observe  all  recommended  safety 
precautions  when  spraying. 

Exercises  (834): 

Identify  the  following  statements  concerning  bedbug 
controls  as  Correct  (C)  or  incorrect  (I). 

  I.  The  control  of  bedbugs  is  a  major  problem. 

  2.    When  spraying  for  bedbugs,  remove  only 

items  which  are  not  infested. 
  3    Move  beds  away  from  walls  to_  permit 

spraying  of  wall  suifaces. 

  4.    Leave    mattresses    flat    when  spraying. 

  5.    Keep  windows  closed  to  prevent  theescapeof 

the  insecticide. 
  6.   Apply  a  residual  spray  at  the  rate  of  I  gallon 

lo  1.000  square  feet  of  area. 
  7.    Spray  to  a  height  of  4  feet  for  single  beds  and 

6  feet  for  double-tier  beds. 


1  O  -J 


2-4.  Crickets 

As  an  entomology  specialist  you  will  be  required  to 
nd  base  facilities  of  crickets  at  various  times.  Thus, 
you  must  know  the  identifying  characteristics  and 
habits  of  these  insects. 

835,  Relate  common  cricket  species  to  descriptive 
statements.  \ 

Identification  and  Habits  of  Crickets.  Crickets 
belong  to  the  order  Orthoptera,  They  have  biting 
mouth-parts*  Jong  legs  fined  for  jumping,  and  may 
have  wings  when  full  grown.  They  develop  by  gradual 
metamorphosis,  going  from  the  egg  through  a  series  of 
nymphal  instars  to  the  adult.  The  adult  male  produces 
the  familiar  chirping  sound  by  scraping  his  upper 
wings  together. 

The  house  cricket  fAcheta  domesiita).  is  found 
throughout  the  United  States.  This  shiny,  black  msect 
is  fond  of  warmih  and  often  becomes  troublesome^ in 
bakeries  and  homes.  In  warm  weather,  ii  lives  out  of 
doors,  especially  in  garbage  dumps*  and  enters  ihe\ 
home  chiefly  in  cold  weather.  They  may  be  numerous 
in  newly  constructed  homes.  Cave  and  camel  crickets 
occur  throughout  the  world.  They  are  usually  wingless 
and  have  antennae  that  may  be  four  or  five  times  as 
long  as  the  body.  These  large  nocturnal  insects  are 
usually  brown  or  gray  and  may  be  found  in 
outbuildings  or  basements,  They  apparently  do  little** 
if  any  damage,  Jerusalem  crickets  (Sienopeimarus 
fuscttsjare  large,  clumsy  insects  with  but  heads.  Many 
people  in  the  southwestern  United  States  believe  they 
have  a  venomous  bite,  but  ihey  are  harmless. 

Rxcercise  ($35): 

J.    March  ihe  L'rickei  species  in  column  B,  wiih  (he 
descriptive  statements  in  column  A. 


(  nhtmn  A  i\tftrm*r  B 

  !      t  urge  chum}  imccm  utiih  hiy     J    Jerusalem  cricket 

b    HcitKC  cricket. 
  2      Pond  oJ  a  at  ml  h  iirni  is  iitten      l"  and  cjrntl 

(roublc^wne  iri  hakeuex  jnd  vrr ll- k.cC> 

hu  mcv 

 J      Anienrue  may  he  four  or  t"i\e 

nmes  *i>  loft  u;  j->  the  hod) 
_ —  4     \1jru    people   hehe\c  ihe^ 

ha  ^  e    ^    \  enomous  hitc 

 *     I  \ualK     ttrown     or  KTe\ 

 t*      T nrer^  the  tinmc  i:hiell>  in 

weather 


836.  Kiate  what  controls  jou  can  use  against  crickets. 


as  residuals  (see  Appendix  A,  in  a  separate  incloaure. 
for  recommended  chemicals).  These  residuals  may  be 
applied  to  floors,  walls,  ceilings*  and  other  areas,  such 
as  in  and  around  fireplaces  and  dark  crevices,  in 
basements,  and  behind  baseboards.  Treatment  in  food 
facilities  must  be  restricted  to  cracks  and  crevices.  The 
formulation  can  be  applied  to  surfaces  by  spraying  or 
brushing. 

Baits  can  also  be  used  indoors  for  controlling 
crickets  by  placing  the  baits  in  areas  where  crickets  are 
numerous  and  tend  to  congregate. 

To  prevent  crickets  from  entering  buildings* 
residuals  can  be  sprayed  in  a  5-foot  band  on  soil 
around  the  structure  and  on  the  foundation  wall  to  a 
height  of  2  to  3  feet. 

Yqu  must  use  your  chemicals  in  accordance  with  the 
recommendations  provided  on  the  pesticide  label. 

Exercises  (*36)< 

Complete  rhe  following  star  em  en  is  concerning  the 
controls  for  crickets, 

1,  Crickets  may  be  effectively  controlled  by  applying 
approved  insecticides  indoors  As  

2.  These  residuals  may  be  applied  to  • 

s   »  ,  and  other 

areas  such  as  in  and  around  < 

-     *  ■  ^  

—  and  behind  

3»  Treatment  in  food  facilities  must  be  restricted  to 
 and  

4.  The  formulation  can  be  applied  to  surfaces  by 
 or  

5,   .  can  also  be  used  indoors  for 

controlling  crickets. 

ft.  Baits  are  placed  in  areas  where  crickets  are 
numerous  and  tend  to  > 

7.   Tr>  prevent  crickets  from  entering  buildings, 

 can  be  sprayed  irj  a  

foot   band   on   !          around  the 

structure  and  on  the  wall  to  a  height 

of  to  feei. 


2-5,  Ants 

Ants  are  among  the  most  abundant  of  animals  being 
found  under  both  arid  and  humid  conditions  in  the 
tropical,  temperate,  and  upper  temperate  regions  of 
the  world.  They  feed  upon  every  food  consumed  by 
humans  and  are  troublesome  household  pests.  You 
must  be  able  to  identify  important  ant  species*  know 
their  habits,  and  be  able  to  use  the  control  measures 
that  are  effective  in  am  management. 

337,  Give  the  important  aspects  and  general 
characteristics  of  ants. 


Control  of  Crickets.  Crickets  may  be  effeciiveU  Importance    and    General    Characteristics  of 

cnnirolled  b\  xpphing  appnntd  m  sect  re  kit*  <radt>or?>       Ants.  Some   ants  fred   predominately  on  svveers, 
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whereas  others  prefer  meats  and  grease.  Ants  may  be 
rare  vectors  of  the  organisms  causing  enteric  diseases 
from  feces  or  garbage  to  human  food.  All  ants  bite, 
and  some  ants  sting.  Reaction  to  am  bite  or  ant  sting 
can  be  severe  in  sensitive  individuals.  Fire  ants,  which 
have  a  highly  venomous  sting,  are  a  major  problem  in 
pans  of  the  southeastern  United  States.  Ants  act  as 
scavengers  and  predators  of  many  harmful  insects. 

Ants  are  distinguished  from  other  insects  by  having 
the  first  one  or  two  abdominal  segments  reduced  into  a 
knobbed  pedicel  or  stalk  situated  between  the  thorax 
and  the  abdomen  proper,  and  by  their  elbowed 
antennae.  The  forewings  of  ants  are  larger  than  the 
hind  wings  and  have  comparatively  few  veins.  Ants 
have  chewing  mouthparts,  their  heavy  mandibles 
being  suitable  for  biting*  piercing*  cutting,  and 
gnawing,  The  smallest  ant  is  less  than  1.5  mm  long, 
and  the  largest  ant  attains  a  length  up  to  3.8  cm. 

Ant  colonies  may  last  many  years,  some  of  them 
longer  than  the  years  allotted  to  man.  The  colony  is 
established  when  the  newly  mated  female  discards  her 
wings,  digs  a  nest,  and  produces  eggs  for  a  new  brood. 
After  nourishing  her  young  through  the  larval  stage, 
her  labors  are  over  as  the  larvae  pupate  and  the  young 
workers  emerge  and  take  over  the  work.  The  worker 
ants  feed  the  queen,  fight  offal]  enemies,  construct  a 
male  of  tunnels,  and  care  for  the  young.  When  the 
colony  has  become  strong,  a  special  brood  of  males 
and  females  is  reared  to  establish  new  colonies.  These 
winged  adults  emerge  for  their  marital  flight  in  vast 
numbers  in  order  to  mate  and  seek  new  homes. 

Exercises  1837): " 

Complete  the  following  statements  concerning  the 
important  aspects  and  general  characteristics  of  ants. 

1.  Some  ants  feed  predominately  on  

whereas  others  prefer  and  

2.  Ants  may  be  rare  vectors  of  the  organisms  causing 

 diseases  from  or 

 to  human  food. 

3.  All  ants  bite,  and  some  ants  

4.  Reaction  to  an  ant  bite  or  sting  can  be  severe  in 
 individuals,  * 

5.  Fine  ants,  which  have  a  highly  

stingt  are  a  major  problem  in  parts  of  the — United 
States. 

6.  Ants  acts  as  and  <. 

of  many  harmful  insects. 

7.  The  forewings  of  ants  are  than  the 

hindwings 

8.  Ants  have    mouthparts.  their 

heavy    being  suitable  for 


and   . 

9.  The  smallest  ant  is  less  than  mm 

long,  and  the  largest  ant  attains  a  length  up  to 
 cm 

10.  Ant  colonies  may  last  many  years,  some  of  them 
longer  than  the  allotted  to  


1 1.  The  worker  ants — :  the  queen,  fight  off 

all  enemies,  construct  a  maze  of  

and  for  the  young. 

12.  when  the  colony  has  become  strong,  a  special 

'rtf  males  and  females  is  reared 
to  establish         '   - 


838.  Associate  important  ant  species  with  their 
definitions. 

Argentine  Ant*  The  adult  queen  is  approximately  5 
mm  long  with  the  male  being  about  half  the  size.  The 
workers  are  approximately  2.5  mm  long.  These  ants 
are  brown.  i 

This  species  is  One  of  the  worst  house  pests  known 
throughout  the  Southern  States  and  in  some  Northern 
States.  It  invades  homes  in  hordes  in  search  of  sweets. 
Although  it  does,  not  sting,  it  bites  freely.  The  nests 
may  be  found  outdoors  in  the  open  ground  or  beneath 
wooden  objects.' These  ants  will  move  indoors  and 
possibly  nest  to  seek  warm  dry  areas  to  hibernate. 

Pharaoh  AnL  The  adult  worker  of  this  species  is 
from  3.5  to  2  millimeters  long.  It  varies  in  color  from 
red  to  yellow  and  has  three  segments  in  the  antennal 
club.  ' 

The  pharoah  ant  feeds  on  sweets  and  greases.  It  is  / 
one  of  the  most  difficult  species  to  control  in  the  home/ 
because  ivianv  colonics  may  exist  in  a  single  house.  The 
pharaoh  ant  will  nest  in  almost  any  secluded  spot,  but 
it  prefers  areas  that  are  relatively  warm. 

Little  Black  Ant*  This  ant  is  jet  black  in  color  and  is 
approximately  1.5  mm  long.  { 

The  natural  food  of  this  ant  is  the  honeydew  that  is 
derived  from  aphid  sand  the  sweet  secretions  of  plants. 
However,  it  will  invade  homes  readily  in  search  of 
sweet  foods.  The  nests  of  this  species  art  found 
beneath  rocks*  in  lawns,  or  in  areas  that  are  free  of 
vegetation.; 

Thief  Ant.  This  ant  is  One  of  the  smallest 
(approximately  [.25  mm  long).  It  is  yellowish  and  has 
a  two-segment**!  club  antenna.  This  ant  nests  in 
exposed  areas  outdoors  and  under  buildings.  The  thief 
ant  feeds  chiefly  upon  greasy  substances,  but  it  may 
feed  on  sweets.  It  is  prevalent  around  sinks  and 
cupboards. 

Odorous  House  Ant.  The  odorous  house  ant 
worker  is  from  2  to  3  mm  long.  It  is  brownish  to  black 
in  color 

This  ant  is  widely  distributed  throughout  the  United 
States  and  is  especially  apt  to  invade  buildings  during 
rainy  weather.  It  has  an  unpleasant  odor  when  it  is 
crushed,  You  must  find  the  nesting  site  in  order  to 
control  the  odorous  house  ant.  The  nest  may  be  in  the 
woodwork  of  the  building  or  under  the  subfloor  near 
hot  water  pipes.  This  ant  feeds  principally  upon 
sweets. 


Fire  Ant,  There  are  many  varieties  of  fire  ants.  The 
workers  range  in  size  from  J, 6  to  5,8  mm  long.  They 
arc  brownish  red*  witha  brown  to  black  abdomen.  The 
head  and  pan  of  the  thorax  is  usually  yellowish  in 
color. 

Fire  ants  are  so  named  because  of  their  fiery  stings. 
The  most  important  species  are  the  imported fire  ant. 
the  southern  fire  ant*  and  the  tropical fire  am.  Besides 
their  ability  to  sting  severely,  these  ants  are  important 
agricultural  pests  because  of  their  foraging  and  mound 
building  habits.  The  fire  ants  also  injure  livestock* 
wildlife*  and  crop  workers. 

The  bite  or  sting  of  this  insect  produces  a  dermatitis 
and  general  toxic  effect*  Its  venom*  insecticidal  and 
antibacterial,  produces  instantaneous  paralysis  of 
fruit  flies,  house  flies,  termites*  weevils*  and  mites. 

The  nests  of  these  insects  are  usually  under  stones, 
boards,  in  rotten  wood,  cracks  in  concrete*  beneath 
houses*  at  the  base  of  plants  and  tufts  of  grass,  and 
especially  near  fire  places.  The  average  size  of  the  nests 
found  in  the  United  States  is  an  area  of  2  to  4  feet  in 
diameter. 

The  fire  ant  feeds  upon  greasy  substances  when 
indoors.  It  also  gnaws  on  fabrics,  especially  dirty 
clothing. 

Exercise  (838): 

i.    Match  the  important  ant  species  in  column  B  with 
the  statements  in  column  A. 


To  control  ants  indoors  with  chemicals*  make  spot 
treatments    with    approved    and    recommended  / 
insecticidal  dusts  or  sprays.  Approved  ant  baits  can 


also  be  used.  Before  you  select  or  use  chemicals  for 
controlling  ant 
inclosure).  Mo 
pesticide  labels 


controlling  ants,  refer  to  Appendix  A  (in  a  separate  /% 
inclosure).  Most  importantly,  always  refer  to  your  ^ 


Column  B 


Apply  a  coarse  spray  of  emulsions  or  solutions  to 
areas  where  ants  normally  occur.  You  can  apply  these 
liquid  formulations  by  using  a  small  compressed  air 
sprayer  or  a  paint  brush, 

Vou  can  apply  baits  and  dusts  lightly  near 
baseboards,  in  closets*  under  sinks  and  refrigerators* 
and  other  areas  where  ants  normally  occur,  but  only  in 
areas  that  are  inaccessible  to  children  and  pets. 

Outdoor  Ant  Control,  To  control  ants  outdoors 
you  should  use  the  spot  treatment  application. 
Emulsions,  suspensions,  or  dusts  can  be  used  for 
controlling  ants  outdoors  as  long  as  these 
formulations  contain  chemicals  that  are  approved  for 
this  purpose  and  they  are  applied  in  accordance  with 
label  recommendations. 

These  formulations  can  be  used  for  treating  nests 
and  approximately  6  inches  around  the  nests  and  for 
treating  various  points  along  the  ant  trails.  The 
mounds  must  be  saturated!  therefore,  dusts  must  be 
watered  into  the  nests. 

Baits  can  be  used  for  controlling  fire  ants  in  outdoor 
areas  by  applying  these  baits  within  a  few  inches  of  the 
mound  entrance.  Treating  for  fire  ants  is  a  special 
problem  and  must  be  accomplished  with  expertise. 


1  One  of  the  unal1«t  a(  all  a. 
anrs  and  \s  >dJoutsh  in  h. 
Cnktr  c. 

2  Varieties  include  imported,  d 
southern,     and     tropical  t, 

3  Hiib  an  unpJcasant  small  T 
uhen  crushed. 

4,  Inv&dK  homes  in  honjw. 
^      N  iilura)  foot!  is  hnneydew 

derived  1mm  ap  h  id* 
6     Difficult  to  eumrol  in  the 

home  iintc  main  colonies 

mas  enuJ 


839.  -State  how  vou  can  conirol  ants. 


Fire  ant. 
LiHle  black  am 
Argentine  am 
Odorous  house  ant 
Pharaoh  am. 
Th»ef  am. 


Indoor  Ant  Control,  Sanitation  is  a  big  factor  in 
reducing  ant  infestation*  indoors.  Most  ants  enter 
buildings  j.  earch  of  their  favorite  foods.  Eliminating 
the  food  source  for  ants  includes:  removing  all  crumbs 
•ind  spilled  food  and  drinks  from  floors,  tables,  and 
counter  tops:  covering,  sealing,  and  storing  all 
prepared  and  unprepared  food  and  drink  items; 
properly  staring  all  refuse;  prompt k  washing  all 
cooking  and  eating  wares:  and  nnsmg  soda  bottles 
behirc  stonne  them, 


Exercises  (837): 

Complete  the  following  statements  concerning  the 
controls  used  in  managing  ants. 

I.  

will  cause  ants  to  go  to  other  areas 


for  food, 

2.    Before  storing  soda  bottles  they  should  be 


3.    To  control  ants  chemically  indoors* 
treatments  with  insecticidal  


or 


ant 


should  be  accomplished.  Approved 
 can  also  be  used. 


4,  Liquid  formulations  can  be'  applied  by  using  a 

small  

or  a  

5,  Baits  should  be  used  only  in  areas  which  are 
inaccessible  (o   and  

6.  For  outdoor  ant  coAtroL  spot  treatments  with 

  .    .  and  or 

 can  be  used, 

7.  Ant  mounds  must  be   


  ,  (herefore, 

 rhust  be  watered  into  the  nests. 

K,    Treating  for  fire  ants  is  a  problem 

and  must  be  accomplished  with  


2-6.  Earwig*. 

In  your  job.  you  will  be  called  upon  to  rid  various 
base  facilities  of  earwigs  from  time  to  time.  Although 
this  task  is  generally  not  continuous  you  must  still  be 
able  1,0  identify  these  insects  jnd  control  them.  The 
term  ''earwig**  is  believed  to  have  been  derived  from 
the  belief  that  this  Insect  would  enter  the  ears  of  people 
while  they  slept  and  bore  into  the  brain,  In  truth* 
earwigs  are  harmless  to  humans, 

Earwigs  are  important  household  pests  because  they 
gather  in  lawns  and  invade  building  in  great  hordes. 
They  can  be  serious  morale  and  economic  pests 
because  the  presence  of  these  hordes  often  prevents 
people  from  enjoying  outdoor  activities  and  can 
depreciate  property  values.  This  insect  is  a  pest  of 
vegetation  in  a  minor  way.  but  it  is  also  beneficial 
because  it  feeds  upon  other  insects. 

840.  Correct  false  statements  concerning  the 
identification,  habits,  and  habitats  of  earwigs. 

Identification,  Habits,  and  Habitats  of  Earwigs. 

Earwigs  belong  to  the  order  Derm  apt  era  and  are 
short-winged  insects  that  bear  a  pair  of  forceps  at  the 
posterior  end  of  the  abdomen.  These  forceps  are 
relatively  straight  in  the  female  but  are  bowed  outward 
in  the  male.  The  adults  are  approximately  16  mm  long, 
dark  reddish  brown,  with  a  reddish  head*  and  pale 
yellowish  brown  legs  in  color  and  have  biting 
mouth  parts. 

These  insects  are  omnivorous  and  will  eat  almost 
anything!  hat  they  can  chew*  They  are  not  known  to  fly 
readily  or  travel  very  far  by  crawling.  Earwigs  have  a 
gradual  metamorphosis.  Their  entire  development 
from  egg  to  adult  is  completed  in  approximately  5 
months. 

Earwigs,  can  be  found  outdoors  in  dark,  moist 
crevices,  such  as  between  building  foundations  and 
soils,  and  under  board**-  stones,  and  welcome  mats. 
They  can  be  found  indoors  hiding  in  baseboard 
crevices,  under  furniture,  and  in  basements* 

Exercises  (840):> 

Identify  the  following  statements  as  being  correct  or 
incorrect,  and  correct  those  that  are  false. 
J,    Earwigs  belong  to  rhe  order  Acarina. 


Earwigs  are  short-winged  insects  that  bear  a  pair 
of  forceps  ar  rhe  posienor  end  of  the  abdomen. 


X  Adult  earwigs  are  approximately  16  mm  long, 
dark  reddish  brown*  wnh  a  reddish  head  and  paJe 
yellowish  brown  legs. 
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4.    Earwigs  will  develop  from  eggs  to  adults  in  about 


2  months. 


841.  Discriminate  between  true  and  false  statements 
concerning  the  control  of  earwigs. 

i 

Control  of  Earwigs;  To  prevent  earwigs  from 
entering  buildingSi')rou  can  apply  a  residual  emulsion 
or  suspension  containing  an  approved  insecticide 
outdoors.  Apply  the  insecticide  to  the  soil  ina  band  5 
feet  wide  around  the  entire  building.  Treat  the 
foundation  wall  from  the  ground  to  a  height  of  2 to  3 
fett. 

Spray  or  brush  residuals  of  an  approved  i/tsecticidai 
suspension  on  door  and  window  sills*  stoves,  and  other 
out-of-the-way  places  where  you  find  these  insects 
Indoors.  Use  only  the  crack  and  crevice  treatment  in 
areas  where  foods  are  stored,  prepared*  and  served. 

Nonchemical  controls  for  earwigs  generally  are  not 
very  effectived  however,  clearing  vegetation  away  from 
building  foundations  and  insuring  that  doors  and 
windows  fit  snugly  in  their  frames  may  prevent  entry 
of  these  pcsls. 

Exercises  (841): 

_  Pecide  whether  the  following  statements  are  true  or 
'  false. 

  J    A  good  method  of  controlling  earwigs  is  to 

paint  or  spray  a  residual  emulsion  on  a  band 

5  feet  wide  around  a  building. 
  2,   You  should  treat  cracks  and  crevices  oniy*in 

areas  where  food  is  prepared  or  stored. 
 3-   Nonchemical  control  of  earwigs  is  normally 

effective. 


2-7.  Clover  mites 

This  section  covers,  the  important,  identifying 
characteristics!  habits,  and  habitats  of  the  clover  mite 
as  well  as  the  measures  that  you  can  use  to  control 
these  arachnids. 

Until  about  1943.  the  clover  mite  was  not  of  concern 
of  humans,  but  since  then  it  has  become  increasingly 
more  important  and  is  now  considered  to  be  a  serious 
household  and  plant  pest. 

Clovermites  enter  buildings  in  great  numbers  in  the 
springtime.  Not  only^  do  they  annoy  people  by 
swarming  on  them,  but  they  may  damage  such  items  as 
walls,  window  shades,  drapes*  and  furniture  because 
they  leave  red  spots  when  they  are  crushed. 

842.  Identify  g/veastatemcnts  concern/fFgclovermites 
as  being  correct  or  incorrect  and  amend  the  false 
statements. 

y 

Identification.  Habits,  and  Habitats  of  Clovermites. 
As  you  recall  from  Volume  4.  clovermites  are  members 
of  the  class  Arachnida  and  the  order  Acahna. 
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They  are  brownish  or  reddish  a~nd  are  about  0,75 
mm  Jong.  They  are  different  from  other  mites  by  being 
larger  and  having  long  front  legs  and 
featheryappearing  plates  on  their  bodies. 

Clovermites  can  reproduce  without  a  fertilized 
ovum  (female  parthenogenesis),  The  female  deposits 
bright  red  eggs  in  such  locations  as  under  the  basal 
bark  of  trees*  in  cracks  and  crevices  of  concrete 
foundations,  and  between  walls.  They  feed  on  almost 
any  type  of  herbacious  plants  and  deciduous  trees,  as 
well  as  on  some  conifers,  but  they  prefer  herbacious 
plants, 

Exercises  (842): 

Identify  each  of  the  following  statements  as  being 
correct  or  incorrect,  and  correct  those  that  are  false- 

  I .   Clovermites   are    members    of  the  class 

Arachnids, 


Clovermites  are  mcrnbeis  of  the  order 
Acarina> 


__       Clovermites  prefer  to  feed  on  herbaceous 
plants, 


  4     The  iemale  usually  deposits  eggs  in  carpets 

and  clothing 


  5    Clnvcrmiies  are  brownish  or  reddish  in  color 

and  are  approximately  0.75  mm  long. 


  fi,   Clovermites  are  capable  of  reproducing  with- 

ouf  a  fertilized  ovum. 


  7     1  he  eg^rs  of  the  clovermite  arc  white. 


843.  Prescrihe  the  Cuntrul  meihods  that  vuu  should 
use  for  Riven  clovermite  control  situations, 

titntml  of  Clovermites.  Space  treatment  using 
aerosols  preside  immediate  but  temporary  reliet  from 
ihese  post's  indoors,  fherdore.  alter  aerosol 
treatment,  you  should  implement  a  more  permanent 
ts  pe  i>t"  coHlrol 

To  provide  kmg-lastintz  rcliet  trum  these  po>».,  rrt:ai 
interior  and  exterior  surtaxes  of  dour  and  window 


frames  and  sills  with  approved  residual  insecticide 
emulsions  or  suspensions. 

Jn  addition  to  treating  the  exterior  surfaces  of  door 
and  window  frames  and  sills,  use  a  residual  emulsion 
on  the  sort  surrounding  the  building  foundation  (5  feet 
band)  and  the  foundation  walls  (to  a  height  of  3  feet). 
Approved  insecticide  emulsions  or  suspensions  can  be 
applied  as  residuals  to  lawns,  shrubs,  and  trees  that  are 
near  the  building. 

Exercises  (843); 

L  A  building  has  been  invaded  by  a  large  number  of 
clovermites,  What  should  you  do  immediately  to 
provide  relief  for  the  occupants? 

2.   To  provide  for  a  long-lasting  relier  of  these  pests 
on  both  the  interior  and  exterior  of  buildings, 
what  should  you  do? 


3,    For  an  additional  exterior  treatment,  what  should 
you  do? 


2-8.  Pillbugs  and  Sow  bugs 

PillbjjgTand  so wb tigs  are  distributed  throughout 
the  world  but'  are  mo.st  abundant  in  areas  of  high 
humidity.  These  crustaceans  are  of  concern  to  you  as  a 
pest"  manager  only  when  they  are  present  in  great 
numbers,  ~ 

PilJbugs  and  sowhugs  are  important  to  humans  only 
as  ntt^ance  pests  when  they  enter  buildings,  They  are 
unsightly  and  they  cause  special  concern  to  many 
people,  especially  those  who  are  not  familiar  with 
them.  1 

844.  Associate  given  identifying  characteristics  and 
habits  with  the  pillbug  and  sowbug. 

Identifying  Characteristics  and  Habits,  Contrary 
to  popular  belief,  pillbugs  and  sow  bugs  are  not  the 
same!  Sowbugs  can  be  distinguished  from  pillbugs 
because  sowbugs  cannot  roll  up  into  a  ball  as  the 
pillbug  can.  This  characteristic  of  the  pillbug  has 
prompted  many  people  into  referring  to  it  as  a  "roly- 
poly,"  Another  characteristic  that  is  possessed  by 
sowbugs  that  distinguishes  them  from  pill  bugs  is  the 
two  prominent  taillike  appendages  that  are  not  present 
on  pillbugs. 

Both  sowbugs  and  pillbug*;  are  oval  and  somewhat 
fianened  in  shape.  Born  are  grayish  to  black  in  color 
and  are  approximately  12.5  mm  long. 

IMlhuEs  and  sowbugs  belong  to  theclass  Crustacea, 
order  I sopoda.  thus  they  have  a  need  for  high  humidity. 
These  crustaceans  prcFer  very  moist  arca.s  and  can  be 
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found  outdoors  under  almost  any  object.  They  may 
also  be  found  under  piles  of  decaying  grass  cuttings 
and  vegetable  matter  and  in  cracks  that  are  between 
building  foundations  and  soils.  Pi  II  bugs  and  sow  bugs 
can  be  found  primarily  in  damp  basements  and  ground 
level  floorings  of  buildings.  ■ 

Sowbugs  ^nd  p;!lbugs  normally  fecc^U  mglfl  upon  j 
decaying  vegetable  matter,  roots  of  small  plants,  an<U 
often  on  mushrooms.  Females  give  birth  to  living 
young  and  the  young  develop  into  adults  through  a 
series  of  molts.  Because  these  cmstaeeans  are  generally 
inactive  during  the  winter  months*  they  are  only  pests 
during  the  warmer  seasons 

Exereise  (844); 

1.  Identify  the  statements  below  as  they  apply  to 
pillbugs  or  sowbugs;  place  a  P  or  an  5  in  the  blank 
spaces  provided  to  indicate  pilibug  or  sowbug. 
Some  statements  may  apply  to  both. 

  a.   Not  capable  of  rolling  up  into  a  ball, 

  b.   Belong(s)   to   the   class  Crustacea. 

  c.   Feed  at  night  on  decaying  vegetation,  roots  of 

small  plants,  and  sometimes  mushrooms, 

 d.  Sometimes  referred  to  as  a  "roly  poly." 

  e    Two    prominent    taillike  appendages, 

  f.    Oval  and  somewhat  flattened, 

  g.  Grayish  to  black  in  color 

—  h>  About    12,5    millimeters    in  length, 

  i.    Give  birth  to  living  young, 


345.  Detail  the  measures  that  you  can  use  to  manage 
pillbugs  and  sowbugs. 

Phyfieal  Measures.  Si.ce  these  crustaceans 
congregate  in  large  numbers  under  and  between 
objects,  you  can  pour  hot  water  over  them  to  destroy 
the  ones  in  a  certain  group.  You  can  also  distribute  hot 
water  around  the  edges  of  building  foundations  to  kill 
any  pillbugr  and  sowbugs  that  have  congregated  in 
these  areas.  f 


Site  sanitation  includes  such  measures  as  removing 
grass  and  leaf  piles,  picking  up  objects  that  lay  upon 
the  ground,  and  keeping  the  area  free  of  garbage. 

To  control  these  pests  in  basements  and  ground 
floor  areas  without  chemicals*  keep  these  areas  dry 
and  well  ventilated.  Make  sure  that  doors  and 
windows  fit  snugly  in  their  frames  and  that  objects  are 
stored  off  the  floor  and  away  from  walls.  Raise 
windows  in  dry  weather  for  ventilation*  but  keep 
windows  and  doors  closed  in  damp  weather. 

Chemical  Measures.  You  can  control  these 
crustaceans  chemically  by  applying  an  approved 
pesticide  emulsion  or  suspension  to  entire  lawn  and 
turf  areas  ,or  as  a  band  treatment  around  a  building 
foundation.  Of  course,  you  must  apply  these- 
formulations  in  accordance  with  the  information 
^-provided  on  the  pesticide  label. 

Exercises  (345)? 

Complete  the 'following  statements  concerning  the 
control  measures  used  for  managing  pillbugs  and 
sowbugs. 

L    Pillbugs  and  sowbugs  can  be  controlled  by  using 

 and   :  :  „  

measures. 

2.  They  can  be  killed  by  pouring  

on  them.  , 

3,  Site   sanitation    includes   such   measures  as 

removing  and  

 ,  picking  up  objects  laying  on  the 

 i  and  keeping  the  area  free  of 


4.  Control  of  these  pests  in  basements,  and  ground 
floor  areas  without  chemicals  can  be 
accomplished  b%  keeping  these  areas 
 -  and  well  r . 

5.  Cherr'cal  control  of  these  crustaceans  may  be 

obtained  «y  applying'an  approved  

  or  to  entire 

 and  areas  or  as  a 

 treatment  around  the  building 

foundation,  .< 


4  So 
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Answers  for  Exercises 


CHARTER  1 


Reference: 

HOG  *  t 
2- 

3. 


S0J 


*  I 
,  2 

3 
4 

5, 

6. 


HD2  -  I. 


5. 
6. 
7 
t» 

*  ] 

4. 
5 
ft 


K04  -  I 


4 


Neurotoxin. 
Vesicating  io*in. 
Hemolytic  loKin. 

b 
c 
a. 

d.  ' 
ft 

c 
f, 
a, 

C. 

C 

I,  They  produce  honey  and  pollcnate  crop-bearing 
plants. 

]   li  does  not  harden  readily  and  remains  pliable  Tor 

years, 

C 

1.  They  cause  serious  damage  (o  structures, 
I,  Deaths  have  been  reported  from  bee  sung*. 
C 

Alt  txes 
Honeybees, 
Bumblebees, 
Bumble  bet* 

Bumblebees 
Honeybees 
Bumble  bets 
Bumblebees, 

If  you  can  handle  bees,  gently  rake  (hem  onto  a  white 
cation  cloth.  When  you  have  collected  all  (he  bees,  lake 
(hem  to  an  open  field  and  release  them. 
If  you  or  someone  in  yotirthop  cannot  handle  bees,  con- 
tact a  beekeeper  to  take  care  of  them  for  you  Beekeepers 
arc  usually  glad  io  get  toffees  and  you  avoid  kiJJing  the 
bees  with  chemicals  / 

Application  of  insecticide  dust,  spray,  or  aerosol  will 

control  these  bees:  however,  several  applicaiions  may 

be  required  Dust  is  probably  the  best  insecticide  to  u*c 

in  this  situation. 

Stinging 

Individual 

Insects,  crops  * 
Vegeiauon 


I  h  is  used  for  making  holes  lar  depositing  egjp>  and  tor 
Ringing. 


3.  1.  Some  wasps  are  solitary  insects  and  cause  very  little 
trouble  to  humans, 

4.  C 

y  C 

807  -  I .  Avoided. 

2.  Letting  it  out:  aerosol  bomb. 

3.  Dust:  solution  formulations:  night. 
4*  Wear  protective  ciething. 

y  Removed:   crushed:   egg:   larvae:  pupae. 

6.  Destroyed:  reuse. 

^  Carbaryi:  propoxun  resmethrtn, 

8.  lt  O. 

.  9  Dust. 

10.  Saturate  nest  with  spray. 

BOB  -  I.    c*  The  "hornet  sting  is  wonethan  all  other  bc«  including 
tbe  yellow  jacket, 
d.  They  are  helpful  in  a  small  way  in  that  (hey  do 
parasitize  certain  other  insects  and  arachnids. 

809  -  I.  Medical  attention. 

2«  Wasp:  hornet:  removed* 

3.  Tweeters, 

4.  Paste:  bicarbonaie:  soda. 

5.  Speeds;  venom:  inflammation. 


810 


J.  C 

2.  L  Very  few  species  in  the  United  Stales  are  poisonous. 

J.  C 

4.  C 

5.  |t  They    appear    in    many    pans    of    the  world. 

6.  I,  The    black   widow    is    more  important, 

7.  C. 

fi,  I.  Both  sexes  are  poisonous, 

9  T  A  full  bite  affects  body  functions  as  well  as  creating 

a  very  serious  Local  wound. 

10.  C 

Sit  ^  K  Temperate;  tropical. 

2,  Paralyze. 

3,  Humans:  most, 

4,  Motiihparts:  skin. 
£  fnstars. 


812  -  1. 


1 

X  4h  5. 
I. 
2. 
3 


f.  1 


2 

I.  5, 
200 

2;  4. 

Summer:  spring. 


35 


40/ 


an  ■  i 

2. 
3. 
4, 
5, 
6. 
7. 
8 

ai4  -  i. 


K15 


1*16  -  I 

~y 

3 
4. 

5. 
ft 


HP  -  | 

4. 
5 

818  -  1 
2 

3 
4 


«:o  - 1 


a:i  -  i 

4 

s 

ft 


d  Privy  teals,  Lumber;  trash;  paint  cans;  buckets, 
e.  mi  ecu;  dutrubed. 
f  frddle, 
&  One;  five, 

h.  House*:  buildings:  boiler  houses:  schools:  churches: 

I i brants:  stores. 
i'  Light:  wen, 
Oui  of  doors. 

Cleaning  up:  breeding  areas;  destroying:  killing:  egg, 

Insecticidal. 

Drop;  webs;  crushed. 

Car  bo  malts;  organo  phosphates. 

Contact;  poisonous. 

PropoKur.  chlorpyrifos:  diazmon, 

o  :s  io  0.5. 

5 

Venoms, 

Because  first -aid  t  re  at  men  t  is  ineffective. 
Medical. 


I,  2,  4,  5  are  True. 

They    seldom    grow    larger  than 


Four  one. 

Two:  unsegmcmed,  segmented 
Tail;  simjjcr 

Straw- yellow,  black,  body 

Nocturnal;  day 

Water 

House;  attics,  walls 

Inkccis. 

2;  } 

Hiding. 

Burlap:  evening. 
DiajiOon;  proposur 


.  5  cm. 


Ligature   ^a   tig  hi   lourniq  jet  K 

Ice. 
3:  5 

Aniivctiins 
Pr^le^^Kinal. 


simg;  body 


HIS-K  { 


1 
4 

ft. 
7 
rK 

Mr 

t; 

12 
13. 
|4 

15 
lh 


1  Diaiinon 

2  Pmpoaur 

*  Retiduak,    d(H>n*a>v    windo*    Iramci.  lighting 

4  Diarfinon,  carbarjl;  malaihion. 

hue 
true 

False  L.tm 
Fi-uc 

False  Can 
False  flnf 


7. 

'A 

E22  -  L 


False,  Mankind  Tear  snakes  because  they  lack  know* 
ledge  of  snake* and  believe  fallacies  that  have  been  passed 
down  through  genera  lions. 


2, 
J. 
4, 
i. 
fr. 

823  *  1. 

2 

y 

4. 
5. 
6. 
7. 
8 
9 

10. 
S24  *  l. 


825 


3. 

4. 

IS 

2. 
3. 
4. 
5. 


K27  -  I. 

3 
4. 
5 
fr. 
7 
H 
9. 
10 

U2K  *  I 


False,  Neurol oxic. 
True. 
False. 
True. 
False, 
True, 
False. 
True, 
False. 
True. 


Both  from  family  Elapidac, 
The  cobra  has  a  "hood  " 


Arizona  and  New  Mexico. 


They  are  secretive. 


a.  Pain. 

b.  Nausea, 

c.  Respiratory  difficulty  (possibly  a  sign  also), 
<t.  Visual  difficulty. 

a.  Presence    of    fang    puncture  wounds. 

b.  Drooping  of  eyelids. 

c.  Unsteady  gait. 

d.  Slurring  of  speech. 

c.  Swelling    at    punciurc    point  (possibly), 

f.  Vomiting, 

k*  Excessive  sweating. 


Only  a  doctor  or  other  suitably  trained 
personnel  may  administer  amivepin. 
Change  ^2"  to  "  I  " 


Correct, 

1  ncorrcci, 

medical 

Incorrect, 

Correct, 

Corrcei, 

Correct. 


Rod  cm. 

Avoid. 

Chlorinated:  dust. 
Hip  boots;  flashlight. 
Burlap  sacks, 

CHAPTER  2 

Homes,  hotels;  restaurants:  bakeries. 

Cracks:  crevices, 

Bjfs;  food;  li*e$;  Ira  vets. 

Prcdaccous. 

Diarrhea:  dysentery:  lythold;  food  poisoning;  rood. 

Mealworms;  fleas. 

55 

At  night,  warm,  damp:  secluded. 

Oothecac 

Nymphs:  adults. 

a  4. 
&  I. 

5 


36 


x  0( 


H29  ■"] 

2. 

3 

4. 
5. 
b 
7. 
S. 
9 

10 
J I 

&JQ  ■  I 

y 

5 

A 

HI  I  -  1 

2 
J 


4 

y 

4 
6 


414  ■  I 

5 
ft 


HI*  -  1 


d.  3 

c  2. 

Good  sanitation. 
Chemical. 

Food  scraps;  residue;  greasy  films. 

Vending. 

Closed, 

Spot;  coarse;  dust. 
Aipbati;  vmyl. 
Ltqmd:  pen el ratio n. 
V^bEc;  unsightly. 
Residual;  recesses. 
Resistance. 


I.  Thcv  also  attack  starched  clothing,  linen,  and  raynn. 

C 

C 

l  Bn»h  arc  wingless, 

I  Firebrats  prefer  hot  dry  places. 

Cockroach. 

Furniture;  carpels:  Cloth, 

Coarse;  punt:  baseboards;  cabinets;  refrigerators:  sinks: 

SlOveS. 

5  mm  long  3  mm  wide,  and  reddish  brown, 
G  rcaily  enlarged  and  red. 

Bolh  sexes;  Ctmcx  Uctulartus,  Cimex  hemipttrus 
Nervous  a-nd  digcsme  disorders. 

Buggy  odor;  blood;  feral. 
NighL 

Metamorphosis. 

Meat;  blood. 

\H:  56;  tcmperaiurc. 

6;  12 

Year,  Toed;  freezing 


1 

C 
t 

I. 
C 

c 


Residuals 

Floors:  walls,  ceiling;  fireplace*., 
basements,  baseboard* 

CraLkS,  (ZrCMCCS 

Spravmg,  brushing. 
Han*. 

Oingregaie 

Rc^jduulsi  5,  *ml;  fuumlaiuin.  2,  ^ 

Sweeiy,  meats;  greavc 
F  nteriC:  lece*i.  garbage 
Stmg. 


dark  l^tcMlXs, 


4. 
5- 

6, 
7, 
8, 
9. 
10, 
'  IL 
12, 

B38  -  I, 
2. 
3, 
4, 
5. 
6. 

»J»  -  I, 
2. 
3, 
4. 
5. 
6. 
7. 
% 

,840-  1. 

1 
4. 


9 


842  ■  i. 
2 
3. 
4, 


5. 
-}. 

K43  -  | 


H44  -  L 


S45  ■  L 
2 

_V 
4. 

5 


Sensitive- 

Venomous;  southwestern. 
Scavengers;  predators* 
Larger. 

Chewing;  mandibles:  biting;  piercing;  cutting;  gnawing, 
O.06;  3,8, 
Years;  man. 
Feed;  tunnels,  care. 
Broad;  new  colonies, 


Eliminating  the  food  supply. 
Rinsed. 

Spot;  dusts:  sprays;  bait*. 
Compressed   air  sprayer; 
Children:  pets. 

Emulsions;  suspensions:  dust*. 
Saturated;  dusts. 
Special*  expertise 


paint  brush. 


Incorrect.  Dermaptera, 

Correct. 

Correct. 

Incorrect.  5  months. 


H4f  -  t.  True, 

2,  True. 

3.  False, 


Correct. 
Correct. 
Correct, 

Incorrect,  Under  the  basal  baric  of  i^,  m  cracks  and 

crevices-,  and  between  waJJs. 

Currect, 

Correct, 

Incorrect  Red. 

Treat  the  space  with  aerosols. 

Treat  the  interior  and  exterior  surfaces  ot  doors,  window 
frames,  and  sills  with  an  approved  insecticide  emulsion 
or  suspensions. 

Treat  the  soil  surrounding  ihe  building  foundation 
r5<foot  band!  and  ite  foundation  walls  (3-foot  hctghtt 
with  an  emulsion:,  Apply  approved  emulsions  or 
suspensions    to    lawns,    shrubs,    and  trees. 


S. 

PT  S 

P,  s. 

p 

s 

P.  s 
P.  s 
P.  s 
P,  s 


Chemical;  nonchemical  Iphysicall 
Hot  ivaier 
.  Grass,  leaf  piles,  ground,  garbage. 
Dry,  ventilated. 

Pesticide   rmuhton,   suspension;   lawns;  lurf;  hand, 
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STOP-  1.  HATCH  ANSWER  SHEET  TO  THIS  EXERCISE  NUMBER. 

2.  USE  NUMBER  2  PENCIL  ONLY. 


EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 
56650  05  21 

HOUSEHOLD  PESTS ,  VENOMOUS  ARTHROPODS,  AND  REPTILES 


To 


Carefully  read  the  following % 
DO'S; 

1.  Check  the  "course,"  "volume,"  and  "form"  numbers  from  the 
answer  sheet  address  tab  against  the  "VRE  answer  sheet 
identification  number"  in  the  r igh thand  column  of  the 
shipping  list.  If  numbers  do  not  match,  take  action  to 
return  the  answer  sheet  and  the  Shipping  list  to  ECI 
immediately  with  a  note  of  explanation. 

2.  Note  that  item  numbers  on  answer  sheet  are  sequential  in 
each  column. 

3.  Use  a  medium  sharp  #2  black  lead  pencil  for  marking  answer 
sheet  • 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the 
item-  (When  you  review  for  the  course  examination,  you 
can  cover  your  answers  with  a  strip  of  paper  and  then 
check  your  review  answers  against  your  original  choices.} 
After  you  are  sure  of  your  answers ,  transfer  them  to  the 
answer  sheet.  If  you  have  to  change  an  answer  on  the 
answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a 
clean  eraser.  But  try  to  avoid  any  erasure  on  on  the 
answer  sheet  if  at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6 .  Keep  Volume  Review  Exercise  booklet  for  review  and 
reference.  m 

7.  if  mandatorily  enrolled  student,  process  questions  or 
continents  through  your  unit  trainer  or  OJT  supervisor.  If 
voluntarily  enrolled  student,  send  questions  or  comments 
to  eci  on  ECI  Form  17. 

DOtTTs: 

Tl  Don f  t  use  answer  sheets  other  than  one  furnished 
specifically  for  each  review  exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking 
blocks.     Double  marks  or  excessive  markings  which  overflow 

*   marking  blocks  will  register  as  errors. 

3 .  Don1 t  fold ,  spindle ,  staple ,  tape ,  or  mutilate  the  answer 
sheet . 

4.  Don 1 1  use  ink  or  any  marking  other  than  a  H2  black  lead 
pencil . 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON  THE 
VOLUME  REVIEW  EXERCISE.  In  parenthesis  after  each  item 
number  on  the  VRE  is  the  Learning  Objective  Number 
where  the  answer  to  that  i tern  can  be  located.  When 
answering  the  items  on  the  VRE,  refer  to  the  Learning 
Objectives  indicated  by  these  Numbers .  The  VRE  results 
will  be  sent  to  you  on  a  postcard  which  will  list  the 
actual  VRE  items  you  missed.  Go  to  the  VRE  booklet  and 
locate  the  Learning  Objective  Numbers  for  the  items 
missed.  Go  to  the  text  and  carefully  review  the  areas 
covered  by  these  references .  Review  the  entire  VRE 
again  before  you  take  the  closed-book  Course 
Examination. 


56650-05-21 


HULTIPLE  CHOICE 

(800)  Most  arthropods  and  reptiles  in  the  United  St 
produce 


ates  f  Y  / 


a.  a  neurotoxin. 

b,  an  urti eating  venom. 


c,  a  hemmorhagic  toxin. 

d.  a  hemolytic  venom. 


(801)  The  method  of  envenomization  and  the  type  of 
venom  produced  by  wasps  are 


a.  stings,  hemolytic. 

b.  stings,  neurotoxin. 


c.  bi tea,  neurotoxin . 

d .  b  i  te  s  f  hemol y tic. 


(801)  The  method  of  envenomization  and  the  type  of  venom 
produced  by  bees  are 


a.  stings,  hemolytic. 

b.  stings  $  neurotoxin. 


c. 
d. 


bites  r  neurotoxin . 
bites,  hemolytic. 


[802)  Which  of  the  following  bees  is  the  most  beneficial 
to  humans  in  respect  to  food  production? 


a.  Carpenter  bee. 

b.  Honeybee. 


c.  Bumblebee. 

d.  King  bee. 


(803)  Which  of  the  following  descriptions  would  identify 
a  bumblebee? 

a.  Nest  in  the  ground,  hairy  bodies,  no  pollen  basket. 

b.  Nest  in  the  ground,  hairy  faces,  pollen  basket, 
c*    Nest  above  ground,  hairy  faces,  pollen  basket. 

d.     Nest  above  ground,  hairy  bodies,  no  pollen  basket. 

(804)  InsecticidaL  dust  to  control  bees  should  be  applied 
weekly  for 


a.  1  to  2  weeks  * 
b*     2  to  3  weeks. 


c.  3  to  4  weeks. 

d,  4  to  5  weeks. 


(805)  Wasps  are  very  beneficial  to  humans  in  food  production 
because  they 


a.  produce  honey. 

b,  produce  beeswax. 


c,  are  parasitizers* 

d,  are  good  pollinators. 


(806)  Which  of  the  following  statements  describes  the 
wasp? 

a.     Two  pairs  of  membranous  wings,  forewings  larger: 

than  hindwings. 
b*     One  pair  of  hairy  wings,  4 forewings  smaller:  than 

hindwings . 

c.  Two  pairs  of  hairy  wings,  forewings  larger  than 
hindwings . 

d.  Two  pairs  of  hairy  wings,  hindwings  larger  than 
forewings  * 
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47. 
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9.     (807)     To  control  wasps  that  have  established  nests, 
treat  the  nest 

a.  at  night, 

b.  at  midday. 

c.  with  approved  insecticidal  dust, 
d*  as  stated  in  options  a  and  c  above, 

10.  [808)    which  of  the  following  statements  reflects  the 
habit  of  the  hornet? 

a.  Construct  paperlike  nests  with  exposed  cells. 

b.  Construct  completely  inclosed  paperlike  nests. 

c,  Construct  mud  nests  resembling  vases. 

d,  May  burrow  into  the  ground  to  nest. 

11.  (809)    When  you  have  an  embedded  sting  in  your  arm, 
you  should 

a,  carefully  remove  it  with  tweezers, 

b,  carefully  remove  it  with  a  sharp  knife. 

c.  seek  immediate  medical  aid. 

d.  apply  a  suction  cup  to  remove  the  venom. 

12.  (S10)     The  most  important  poisonous  spider  within  the 
United  States  is  the 

•  a,     brown  recluse.  c,     black  widow, 

b,     brown  widow,  d.     red  widow, 

13.  (811)     Spiders  belonging  to  the  class  arachnids  are  identified 
as  having 

a,  segmented  abdomen,  eight  legs,  no  wings,  and  no 
antennae. 

b,  segmented  abdomen ,  six  legs  *  no  wings ,  and  two  antennae. 

c,  un segmented  abdomen ,  six  legs,  no  wings,  and  two 
-  antennae . 

d,  unsegmented  abdomen,  eight  legs,  no  wings,  and  no 
antennae . 

14.  (812)     which  of  the  following  statements  identify  a 
brown  recluse  spider ? 

a.  Dark  fiddle-shaped  band  on  the  anterior  portion 
of  the  carapace. 

b.  The  abdomen  is  dark  brown  splotched  with  yellow, 
c*     Usually  brown  or  grey  with  red  hourglass  markings, 
d.     Not  shiny  black;,  but  smokey  black • 

15.  (813)     which  of  the  following  residual  insecticides 
can  be  applied  in  a  dust  form  to  control  spiders? 

a,     Pyrethrins.  c.  Dursban. 

b-    Baygon .  d,    Diazinon . 
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16.  (814)     To  treat  a  victim  bitten  by  a  widow  or  brown 
spider , 

a.  swab  the  biten  area  with  iodine. 

b.  use  first-aid  treatment  immediately. 

c.  apply  a  sodium  bicarbonate  paste  and  cover  with 
a  hot  pack. 

d.  seek  trained  medical  personnel  to  administer  treatment. 

17.  (315)     The  scorpions  of  medical  importance  found  mainly 
in  southern  Arizona  are  members  of  genus 

a.  Tityus .  c.    Per abu thus. 

b.  Buthus.  *    d.  Centruroides. 

13.     (316)     The  scorpion  has  four  pairs  of  legs  and  a  body 
with  two  divisions, 
* 

a.  unsegmented  cephalothorax  and  unsegmented  abdomen. 

b.  unsegmented  cephalothorax  and  segmented  abdomen. 

c.  segmented  cephalothorax  and  segmented  abdomen. 

d.  segmented  cephalothroax  and  unsegmented  abdomen* 

19 .  (317)     The  two  residual  insecticides  used  to  control 
scorpions  are  t 

a.  propoxur  and  chlorpyrif os . 

b*  diazinon\  and  dichlosovos* 

c.  malathiorjL  and  pyrethrin. 

d.  diazinon  and  propoxur. 

20.  (818)     in  rending  first-aid  treatment  to  a  victim  stung 
by  a  posionous  scorpion/  you  would 

a.  apply  a  tourniquet  as  near  to  the  sting  as  possible. 

b.  apply  hot  compresses  on  the  sting  area  to  draw  o\tt 
the  venon. 

c.  immediately  swats  the  sting  area  with  alcohol. 

d.  do  all  of  the  above. 

21.  (319)     A  cone-shaped  head  with  a  three  jointed  proboscis 
carried  in  a  folded  position  close  to  the  body — these 
are  characteristics  of  which  of  the  following  insects!? 

a.  Br own- tail  moth,  c.    White-marked  tussock* 
bt     10  moth.  d.  Conenose* 

22.  C820)     You  can  control  centipedes  and  millipedes  around 
buildings  by  using  the  rjesidual  insecticide 

a  *    malathion.  /  c .    propoxur . 

b.  aluminum  phosphide. i  d.  pyrethin. 
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23.  (821)     Which  one  of  the  following  statements  is  true 
concerning  snakes? 

a.  A  horsehair  rope  does  not  stop  a  snake. 

b.  Snakes  can't  bite  underwater, 

c.  Snakes  take  milk  from  a  cow. 

d.  A  hoop  snake  chases  people  by  holding  its  tail  in 
its  mouth  and  rolling  over  and  over. 

24.  (822)     The  snake  which  feeds  largely  on  rabbits  and  quail 
is  the 

a,  moccasin.  c.     horned  rattlesnake. 

b.  copperhead-  d.     eastern  diamond back. 

25.  (822)     Which  of  the  following  snakes  will  seek  cover 
quickly  when  disturbed  except  when  cornered? 

a.  Moccasin.  c.    Horned  rattlesnake. 

b.  Copperhead.  d.     Eastern  diamondback. 

26.  (823)     The  coral  snake  belongs  to  the  family 

a.  Bostrichidae.  c.  Lycidae. 

b,  Anobi idae.  d.  Elapidae. 

27.  (824)     which  of  the  following  symptoms  describes  the 
envenomization  by  pit  vipers? 

a.  Excessive  salivation  and  sweating. 

b.  Slurring  of  speech  and  tingling  sensation. 

c.  Prompt  and  progressive  swelling. 

dp     Drooping  of  eyelids  and  unsteady  gait. 

28.  [824]     Which  of  the  following  symptoms  describes  the 
envenom izat ion  by  coral  snakes7 

a.  Bruiselike  discoloration, 

b*  Shack,  vomiting,  and  nausea, 

c*  Local  decay  of  tissue. 

d.  Excessive  salivation  and  sweating . 

29.  (825)     incision  and  suction  treatment  for  a  snake  bite 
should  be  started  within 

a.  10  minutes,  but  not  after  1  hour. 

b.  10  minutes/  but  not  after  2  hours. 

c.  20  minutes,  but  not  after  1  hour, 

d.  20  minutes,  but  not  after  2  hours. 

30.  (826)     For  the  control  of  snakes,   the  method  which  has 
been  proved  somewhat  effective  i s 

a .  organophosphate  pesticidal  emulsions . 

b.  chlorinated  hydrocarbon  pesticidal  dust. 

c.  organophosphate  pesticidal  dusts^ 

d.  chlorinated  hydrocarbon  pesticidal  emulsions. 
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31.  (327)     How  many  species  of  cockroaches  are  common  pests 
indoors  in  the  United  States?  t 

a.  5.  e.  35. 

b.  20.  d.  55. 

32.  (828)     Which  is  the  largest  of  the  major  cockroaches? 
a.     Brown-banded.  c.  Oriental. 


1* 


b.  Australian. 


d.  American. 


33.  (828)     what  cockroach  resembles  the  German  cockroach 
bat  is  slightly  smaller? 

a .  Australian-  c.    Etown- banded. 

b.  American.  d.    Oriental . 

34.  (828)     How  long  does  the  female  oriental  cockroach  carry 
the  dark  reddish-brown  egg  capsule  before  depositing 
it? 

a.  2  weeks.  c.     30  hours. 

b.  12  hours.  d.     1  month. 

35.  i828)     Which  are  the  two  filthiest:  of  the  major  species 
of  cockroaches? 

a.  Brown-banded  and  German.        c.  American  and  Oriental. 

b.  American  and  brown-banded.     d.  Oriental  and  German. 

36.  (828)     Which  of  the  following  cockroaches  is  the  less 
serious  pest  of  the  major  species? 

a.  American.  c.  German. 

b.  Australian.  d.    Oriental . 

37-     (829)     To  achieve  and  maintain  effective  control  of 
the  cockroach,  it  is  imperative  that  you  have 

a •  chemical  control. 

b.  good  sanitation. 

c .  aerosol  treatmen  t . 

d.  food  supply  for  cockroaches . 

38.  (829 )     what  insecticides  have  been  routinely  used  for 
the  control  of  the  German  cockroach? 

a.  Chlordane .  c .     Pyre thrum. 

b.  Nicotine  sulfate.  d.     Organophosphorus . 

39.  (830)     Where  will  silverfish  harbor? 

a.  Duct  work  for  a  heating  system. 

b.  Food  storage  and  moist  places. 

c.  Behind  stoves  or  around  fireplaces. 

d.  Under  hot,  dry  conditions. 
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40.     (330)     what  is  the  shape  of  silverfish  and  firebrats? 

a.     Carrot,  c,  Diamond. 

b#     Beet.  d.  Hexagon. 


41.  (331)    What  type  of  chemical  treatment  is  normally  used 
to  control  ailverfish? 

a.  Application  of  residual  insecticide  emulsions. 

b.  Misting. 

c.  Fogging. 

d .  Aerosol ing * 

42.  (832)     To  what  family  does  the  bedbug  belong? 

a.  Supella  supellect ilium . 

b.  Blatella  gerraanica. 

c.  Cimicidae. 

d.  Lespisma. 

43.  (832)     What  specie  of  bedbugs  is  predominate  in  the 
temperate  region? 

a.  Supella  supellectilium*  c.    Ciroex  hemipterus. 

b,  Blatella  germanica.  d,    Cimex  lectularius. 

44.  [833)  Depending  on  the  temperature r  how  long  does  it 
take  for  complete  development  of  a  bedbug  from  egg  to 
adul t? 

a,  10  to  15  days-  c,    18  to  56  days. 

b.  8  to  12  weeks.  d,     1  to  2  weeks. 

45 .  (834)     How  long  will  one  application  of  an  approved 
insecticide  emulsion  control  bedbugs? 

a.  30  days .  c.     1  year . 

b.  6  months*  d,     more  than  1  year. 

46.  (835)     To  what  order  does  the  cricket  belong? 

a.  Orthoptera*  /  c.  Lespisma. 

b.  Hemiptera.              /  d .  Supella. 

i 

47.  (335)    what  cricket  enters  the  home  chiefly  in  cold 
weather  ? 

a.  House.  c.  Camel. 

b.  Cave.  <3 ,  Jerusalem. 

48.  (835)     which  o£  the  following  crickets  are  believed 
to  have  venomous  bites? 

a.  House.  c ,     Camel  * 

b.  Cave,  d.  Jerusalem. 
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49.     (836)     Control  treatment  for  crickets  in  food  facilities 
must  be  restricted  to 

a.  line  area  only.  c.     flat  surfaces. 

b.  cracks  and  crevices.  d.     the  entire  room. 


50.  (836)     How  can  you  prevent  crickets  from  entering  buildings? 

d.     Residuals.  c.  Fogging, 

b.    Misting ,  d.     Aerosol ing. 

51.  (837)     how  are  ant  colonies  established? 

a.  The  male  and  the  female  dig  a  nest,  discard  their 
wings t  and  both  produce  eggs  for  a  new  brood. 

b.  The  male  digs  a  nest  so  that  the  female  can  produce 
her  eggs. 

c.  The  female  lays  her  eggs,  and  the  male  a  nest 
and  covers  the  eggs. 

d.  The  newly  mated  female  discards  her  wings,  digs 
a  nest,  and  produces  eggs  Cor  a  new  brood. 

52.  (837)     All  ants  will 

a.  sting.  c.     eat  sweets. 

b.  oite.  d.     eat  meats. 

53.  (838}     Which  ant  is  the  most  difficult  to  control  in 
the  home? 

a.  Thiet.  c.     Little  black  ant. 

b.  Pharaoh.  d.  Argentine. 

54.  (833)     Which  ant  is  one  of  the  smallest? 

a.  Thief.  c.     Little  black  ant. 

b.  Pharaoh.  d#  Argentine. 

55.  (8381     What  is  the  natural  food  of  the  little  black 

ant? 

a.  Greases  from  cooked  foods. 

b.  Sweets  from  cooked  foods* 

c.  Sweets  and  greases. 

d.  Honeydew  that  is  derived  fr    .  aptfids. 

56.  (839)     When  applying  pesticide  to  an  ant  nest  outside, 
you  apply  it  to  the  nest  and  in  a 

a.  3-inch  band  around  the  nest. 

b.  6-inch  band  around  the  nest. 

c.  12-inch  band  around  the  nest. 

d .  18- inch  band  around  the  nes t . 

57.  (840)     To  what  order  do  earwigs  belong? 

a.  Or thoptera*  c.  Dermaptera. 

b.  Cimex  hemipterus.  dt     Domes tica. 
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50.     (040)    What  type  mouthparts  does  the  earwig  have? 

a.  Bi  ting,  c.  Chewing. 

b.  Sucking.  d.    Vacuum . 

59.  (041)     When  spraying  for  earwigs,  where  would  you  spray 
outdoors? 

a.  in  the  water  area  only, 

b.  m  the  soil  in  a  5-foot  band  around  the  structures 
and  on  the  foundation  wall  to  a  height  of  2-3  feet. 

c.  Only  on  the  foundation  wall  to  a  height  of  2-3  feet. 

d.  Only  in  a  5-foot  band  on  the  soil  around  the  structure. 

60.  (842)     How  can  the  clovermites  be  distinguished  from 
otbrr  mites? 

a.  Clovermites  are  larger  than  other  mites  and  have 
long  front  legs  and  feathery-appearing  plates  on 
their  bodies. 

b.  Clovermites  are  smaller  than  other  mites  and  have 
wide  spread  legs. 

Clovermites  are  green  -in  color  and  are  a  lot  larger 
on  the  plates  of  their  bodies  than  other  mites, 
d.    Clovermites  can  fly,  other  mites  cannot. 

61*     (84*)     What  is  a  temporary  control  for  clovermites? 

a.  Sprinkle  dust  on  the  floors. 

b.  Employ  space  treatments,  using  aerosols. 

c*     Use  an  approved  insecticide  emulsion  or  suspensions, 
d.    Uqe  the  spray  outside  and  inside. 

62.     (844)     How  can  sowbugs  be  distinguished  from  pill bugs? 

a.  Sowbugs  roll  up  into  a  ball. 

b.  Sowbugs  are  longer  and  have  a  flat  head. 

c.  Sowbugs  cannot  roll  up  into  a  ball. 

d.  The  sowbug  is  known  as  the  "roly-poly." 
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Preface 


THIS  VOLUME  OF  CDC  56650*  Entomology  Specialist,  provides  you  with 
knowledge  concerning  the  more  important  economic  pests*  which  include  stored 
product  pests,  structural  pests,  and  ornamental  and  turf  pests.  In  order  for  you  to 
become  a  certified  pest  controller,  you  must  be  very  knowledgeable  in  these  subjects  as 
well  as  those  previously  discussed 

Please  notclhat  in  this  volume,  we  are  using  the  singular  pronouns  fc*,  his,  andAj/w 
in  thegenericsense,  not  the  masculine  sense.  The  word  to  which  these  pronouns  refer  is 
person. 

Please  note  that  in  this  volume,  we  are  using  the  singular  pronouns  he,  h\sy  and /urn 
in  the  generic  sense,  notlhemascuJinesense.  The  word  to  which  ihese  pronouns  refer  is 
person. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this  text, 
or  recommendations  for  its  improvement,  send  them  to  Tech  Tng  Cen/TTGOX, 
Sheppard  AFB  TX  76311.  NOTE:  Do  not  use  the  suggestion  program  to  submit 
corrections  for  typographical  or  other  errors. 

[f  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECI's* 
instructional  aids  (Your  Key  to  Career  Development*  Behavioral  Objective  Exercises. 
Volume  Review  Exercise,  and  Course  Examination)*  consult  your  education  officer, 
training  officer,  or  NCO,  as  appropriate.  If  he  can't  answer  your  questions,  send  them 
to  ECl,  Gunter  AF5  AL  361  18,  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance. 

This  volume  is  valued  at  3  hours  ( 1 1  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of 
September  1977. 
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NOTE:  Tn  thb  volume,  the  subject  matter  fa  developed  by  t  serie*  of  Letminf  Objectives,  Etch  of  (hews 
carries  a  3*digft  alphanumeric  Identifier  and  b  ui  holdface  type.  Each  lets  a  learning  *<>'  you.  The 
teit  that  follows  the  objective  gives  you  the  Information  you  need  to  reach  that  goal.  The  exercises 
following  the  information  live  you  a  check  on  your  achievement.  When  you  complete  them,  sec  if  your 
answers  match  thou  In  the  back  of  this  volume.  If  your  response  to  an  exercise  (sfaconrectl  review  the 
objective  and  Its  text. 


Stored  Product  Pests 


,  THERE  ARE  MANY  insects  that  arc  important  as 
stored  product  pests  to  the  civilian  community  and  to 
the  Air  Force.  The  majority  of  these  insects  are  in 
cither  the  order  Coleoptera,  the  beetles,  or  the  order 
Lepidoptcra,  the  moths.  These  pests  are  divided  into 
two  groups  according  to  the  type  of  product  they 
generally  infest.  These  groups  include  ihosc  pests  that 
infest  fabrics  and  those  that  infest  foods.  — 

Insects  steal  our  food,  infest  our  dwellings,  and 
damage  our  property.  Through  the  centuries,  an 
increasing  number  of  insects  have  been  adapted  to 
indoor  life,  preferring  buildings  because  of  the 
moderate  temperature,  plentiful  food  and  water,  and 
abundant  harborage. 

EccnomicaUy.  the  second  most  costly  pasts  at 
military  installations  are  the  stored  product  pests. 
Thesepests  destroy  a  variety  of  products  composed  of, 
or  derived  from,  materials  of  plant  or  animal  origin. 
Damage  may  occur  at  the  point  of  origin,  in  transit,  or 
in  storage. 

This  chapter  covers  the  more  important  pests  within 
each  group  by  providing  you  with  descriptions  and 
other  important  aspects  of  each  of  these  pests,  fn 
addition,  the  survey  and  control  procedures  are  also 
provided- 
Appendix  B  is  in  the  supplement  of  Volumes  4.  5,6. 
and  7  to  help  you  make  Held  identification  of  common 
stored  product  pests, 

1-1.  Fabric  Pests 

Fabric  pests  are  important  to  us  m  that  they  at  times 
infest  and  damage  Air  Force  facility  furnishings  and 
our  own  furnishings  and  clothing.  These  pests  can  be 
very  costly,  especially  when  infestations  become 
severe.  Problems  with  these  pests  have  been  reduced 
immensely  with  the  manufacture  of  many  home 
furnishings  and  clothing  from  synthetic  materials. 
However,  synthetic  materials  cannot  be  considered 
entirely  safe  from  fabric  pesis  because  many  are  still 
susceptible  to  attack. 


This  section  covers  the  important  fabric  pests  by 
providing  you  with  information  pertaining  to  their 
description*  importance*  development  and  control 

Aul,  Associate  given  fabric  Pests  with  statements 
concerning  their  identification,  importance,  and 
development. 

There  are  two  moths  and  four  beetles  that  are 
included  in  this  group  because  of  their  attacks  on 
products  containing  hair,  wool,  and  hides. 

Wftbblng  Clothes  Moth.  The  webbing  clothes  moth 
attacks  Wool,  hair*  and  fur.  It  is  a  most  destructive 
insect,  damaging  woolen  clothing  and  furnishings. 
The  webbing  clothes  moth  is  about  13  mm  long  and  is 
covered  with  shiny  golden  scales.  It  has  a  tuft  of 
reddish-golden  hair  on  its  head  and  has*  black  eyes. 
The  antennae  arc  darker  than  the  rest  of  the  body.  This 
particular  moth  avoids  strong  light.  The  eggs  are  laid 
on  food  and  arc  secured  with  gelatinous  materia). 
They  are  usually  placed  deep  in  the  fibers.  The  larvae 
will  often  spin  feeding  funnels.  They  may  feed  some 
distance  from  this  tube  or  abandon  it  altogether  and 
build  another  one.  When  ready  to  pupate,  the  larvae 
spin  silken  pupal  cases. 

Casern  a  king  Clothes  Moth.  The  casemaking 
clothes  moth  feeds  on  wool,  hair,  bristles,  felts, 
feathers,  hides,  tobacco,  drugs,  spices,  and  nut  meats. 
It. has  a  wingsprcad.of  13  to  15.5  mm  and  has  a  more 
brownish  hue  than  the  webbing  clothes  moth.  There 
are  three  dark  spots  on  each  wing,  but  they  are  easily 
rubbed  off.  The  life  cycle  is  similar  to  thai  of  the 
webbing  clothes  moth  except  for  the  larval  stage.  The 
larva  spins  a  silken  case  and  carries  it  with  it  as  it 
moves  about.  The  larva  will  die  if  removed  from  this 
case.  When  it  is  ready  to  pupate,  it  seals  u^  both  ends 
of  the  ca.se. 

Black  Carpet  Beetle.  This  beetle  is  the  most 
destructive  carpet  beetle  in  the  United  States.  H  is 
distributed  throughout  the  country.  The  adult  is  a 
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small,  black,  or  dark  brown  beetle  not  over  4.6  mm 
long,  sometimes  flecked  with  white  or  reddish  scales. 
The  adults  feed  on  the  pollen  of  flowers.  The  life  cycle 
varies  from  1  to  2  years  and  only  the  larval  stage 
attacks  stored  products.  The  larva  Is  long  (about  9J 
mm)  and  narrow  with  golden  setae  on  the  body  and  a 
tuft  of  long  setae  at  the  posterior  end.  When  disturbed, 
it  curls  up  and  "plays  possum."  Larvae  feed  upon 
seeds*  grain*  woolens,  silks,  felts,  skins,  feathers,  milk 
powder,  and  many  other  materials.  They  are  often 
abundant  under  undisturbed  portions  of  carpets  (such 
as  under  sofas  and  Urge  chairs)  and  in  dark  corners. 
The  damage  may  noi  be  noticed  until  a  heavy 
infestation  has  developed.  Its  larvae  may  cause 
canthariasis. 

Common  Carpet  Beetle*  The  common  carpet  beetle 
is  a  special  pest  of  carpets,  but  it  also  attacks  woolen 
and  other  animal  products,  such  as  feathers,  leather 
furs,  hairbrushes,  silks,  and  museum  specimens.  The 
adult  is  ova]  in  shape,  about  3  mm  long,  basically  black 
in  color  with  minute  whitish  scales  and  a  longitudinal 
band  of  orange  red  scales  around  the  eyes.  The  adults 
feed  on  nectar  and  pollen.  The  eggs  may  be  simply 
dropped  upon  the  surface  of  fabrics  or  they  may  be 
thrust  deeply  into  the  fabric  so  that  only  one  end 
remains  visible.  The  eggs  are  small  whitish  in  color, 
and  have  projections  at  one  end.  These  projections 
help  them  attach  to  fabrics.  The  larva,  which  is  the 
destructive  stage*  is  reddish  brown  with  numerous 
black  and  brown  hairs  and  is  approximately  3  mm 
long. 

Furniture  Carpet  Beetle*  The  adult  furniture  carpet 
beetle  is  very  colorful.  It  is  basically  black  in  color: 
however.  It  is  covered  with  yellow  and  white  scales  and 
presents  a  mottled  yellow-white  and  black  appearance 
on  its  dorsal  surface.  This  beetle  is  oval  in  shape  and  is 
from  2  ,0  3.5  mm  long, 

The  adult  female  usually  deposits  her  small  white 
eggs  in  the  pile  of  mohair,  in  the  nap  of  clothes,  on  the 
surface  of  clothes,  or  in  cracks  and  crevices  of  flooring. 

The  larva  Is  very  similar  in  appearance  to  the 
common  carpet  bee  tie  larva,  but  differs  in  that  the 
furniture  carpet  beetle  larva  has  peculiar  spearheaded 
hairs  protruding  from  the  posterior  tufts. 

Spider  Beetle.  There  are  many  species  of  spider 
beetles:  therefore,  this  discussion  is  based  on  their 
general  characteristics. 

The  adults  are  very  small  (usually  from  2  to  4  mm), 
oval  or  cylindrical  beetles  that  appear  as  giant  mites  or 
very  small  spiders.  Most  of  these  beetles  are  reddish 
brown. 

The  larva  feeds  on  wool,  hair,  and  feathers  and  will 
also  feed  upon  fabrics  and  cereals.  These  pests  are 
capable  of  surviving  in  very  cold  temperatures  for 
extended  periods  of  time.  This  ability  probably 
accounts  for  their  presence  In  cereal  products  in 
Canada  and  the  Northern  United  States. 

Exercises  iAQt): 

Match  the  description  in  column  A  wiih  trie  fabric  pest 
in  column  B. 


Column  A  Column  B 


Webbing  dolhts  moth. 
Cue  ma  king  clothes 
moih, 

Black  carpet  beetle. 
Common  carpet  beetle. 
Furniture  c&rpot  beell*. 
Spider  bttcfe. 


-  L  Larvae  are  long  and  nar-  a. 
row  with  golden  aeiie  on  b, 
the  body 

 2~   Blac keyed  adult  is  covered  c. 

with  shiny  gotden  scales  d. 

with  reddish-golden  hair  e. 

its  head.  t 
  3,    Pest  capable  of  surviving 

in  a  very  cold  temperaiurci 
 4.   Adult  is  black  in  color 

with  minute  whitish  scales 

and  longitudinal  band  of 

orange-red  scales  around 

the  eyes. 
.  5.    Adult  is  basically  black: 

however,  it  is  covered  with 

yeJJow  and  white  s rates 
  6.    Larvae  will  die  if  removed 

from  the  case. 


A02*  Complete  given  statements  pertaining  to  the 
damages  incurred  by  fabric  pests  and  to  the  surveys  for 
these  fabric  pests. 

Damage  Recognition  and  Survey  of  Fabric 
Pests.  In  most  cases  the  presence  of  fabric  pests  goes 
undetected  until  someone  sees  that  furnishings  or 
clothing  have  been  damaged.  Whenthese  damages  are 
discovered,  you  may  be  called  upon  to  determine 
whether  or  not  the  damages  were  caused  by  fabric 
pests*  Since  damages  incurred  by  these  pests  may  often 
resemble  damages  caused  by  such  mechanical  means 
as  scissors,  snags*  punctures,  cigarette  burns,  rodents, 
or  termites,  you  must  be  capable  of  recognizing  the 
differences.  The  descriptions  of  damages  and  the 
probable  cause  of  the  damages  provided  in  table  1-U 
should  help  you, 

If  you  decide  that  fabric  pests  were  actually 
responsible  for  the  damages  incurred  to  the  fabrics, 
you  must  conduct  a  survey  to  determine  whether  there 
is  an  existing  infestation.  Keep  in  mind  that  the 
damage  may  be  old  and  may  have  occurred  elsewhere. 

In  conducting  fabric  pest  surveys,  you  should 
inspect  all  clothing  and  clothing  storage  areas 
thoroughly  for  further  damages  and  the  presence  of 
adults,  pupa  skins,  and/or  larva.  In  addition  to 
inspecting  clothing  and  clothing  storage  areas,  you 
should  inspect  all  other  fabric  furnishings  contained  in 
the  facility.  While  conducting  these  inspections,  pay 
close  attention  to  all  hidden  areas,  such  as  the  seams 
and  pockets  of  clothing,  corners  Qf  storage  areas,  and 
beneath  and  behind  the  cushions  of  sofas  and  chairs. 

Exercises  (A02); 

L  In  most  cases  the  presence  of  fabric  pests  goes 
 unt  il  

2.  Damages  incurred  by  fabric  pests  may  often 
resemble  damages  caused  by  mechanical  means 
such  as  .  snags,  and  punctures*  or 


and 


\ 


TABLE  1-1 

DAMAGE  ASSEMSSMENT  FOR  FABRIC  PESTS 


\ 


Probable  Ciu3e 


1.    Webbing  Clothes  Moth 


2,    Casemaking  Clothes  Math 


3.  Mechanical  Damage 

4.  Rodents 

5.  Burns 

6.  BlackCarpet  BeetLe 


7,     Furniture  and 

Common  Carpet  BeetLes 


8,     Hitfe  Beetles 


9.  Termites 


Damage  Description  \ 

Usually  fixed  silk  tubes  sometimes  bearing  fraSS*  this  [rass  often 
showing  the  color  of  the  cloth.   Nap  of  wool  eaten  away  in  Spots 
If  lightly  damaged;  holes  completely  through  fabric  if  infestation 
is  extensive.    Larvae  may  be  present  in  the  tubes*   If  fur,  hairs\ 
ire  cut  at  base  causing  loose  fur  and  exposing  the  hide  with  some  \ 
wrabbing  present.   Fecal  pellets  are  bun-shaped*  \ 

Cigar- ah  aped  cases  1/16"  to  3/8"  {size  depending  on  larval  age) 
usually  attached  to  the  fabric  at  one  end*   Cases  white  or  bearing 
slight  colors  of  the  infested  fabric,   Cases  appear  to  move  about 
if  larvae  are  inaide  and  are  stationary  if  they  contain  pupae 
or  if  empty.   If  cases  are  absent,  damage  is  recognized  as 
surface  feeding  in  irregular  furrows  or  when  damage  is  severe* 
by  holes  through  the  fabric*    Webbing  essentially  absent* 

Fabric  actually  cut;  threads  pulled*  broken*  torn,  or  Looped; 
and  exposed  ends  frayed.   No  Loss  of  threads  unless  section 
of  fabric  torn  cmt>    Damage  to  neighboring  area  not  expected. 
In  rugs*  loops  pulled  out* 

Damage  is  very  similar  to  mechanical  damage  but  the  damaged  area 
may  be  soiled  and  hairs  may  be  present* 

Irregular  or  round  holes  in  wool  that  may  or  may  not  penetrate 
fabric.   Tips  of  exposed  threads  usually  curled  and  charred, 
in  fur  curling  of  damaged  hairs:  leather  scorched, 

Fabric  damaged  with  no  traces  of  silk-like  threads*    Much  surface 
damage  with  various  penetrating  holes,   If  Infestation  light* 
damage  may  be  limited  to  scattered  holes  with  surrounding  surface 
damage,   A  few  or  many  cast  larval  skins  may  be  present.  Frass 
In  the  form  of  minute  irregular  pellets  often  the  color  of  the  fabric, 
in  fur*  hairs  cut  at  base  with  no  injury  to  hide;  hair  drops  out 
readily  and  hide  may  be  bare  in  severe  infestations.   Cast  skins; 
no  webbing. 

Fabric  damaged  with  no  traces  of  silk-like  threads.    Much  surface 
damage  with  various  penetrating  holes,   If  infestation  lights 
damage  may  be  limited  to  Scattered  holes  with  surrounding  surface 
damage.  A  few  or  many  cast  larval  skins  may  be  present, 
Frass  in  the  form  of  minute  irregular  pellets  often  the  color 
of  the  fabric*   In  fur  and  brushes,  principal  damage  to  tips  of  hair 
leaving  numerous  uneven  areas* 

Hide  rather  badly  damaged  on  exposed  side  (not  fabrication  scars), 
If  on  fur*  damage  is  on  the  inner  surface:  holes  and  loss  of  hair 
result  from  complete  Larval  penetration  of  hide* 

Cotton  or  hemp  binding  of  wool  rug  eateo  leaving  the  wool  untouched* 
Hard  mastic  substance  present* 


\ 


3 
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3,  Irregular  or  round  holes  in  wool  fabrics  that  may 
or  may  not  penetrate  the  fabric  with  tips  of 
exposed  threads,  usually  being  curled,  would 
probably  indicate  damage  caused  by  


4,  The  nap  of  wool  missing  in  spots  with  the  pos* 
sibility  of  holes  appearing  completely  through  the 
fabric,  and.  if  furs  are  involved,  the  hairs  being 
cut  at  the  base,  causing  Loose  fur  and  exposingthe 
hide  describes  the  damage  most  generally  caused 
by  ;  

5.  Surveys  for  fabric  pests  are  conducted  to 
determine  whether  there  is  an  


6.    All  and  clothing  storage 

areas  should  be  inspected  

for  further,  damages  and  

of — — ;  pupa  skins,  and;  or 

 h     —  ■ 

?     While  conducting  inspections  for  fabric  pests,  you 

should  pay  close  attention  to  all  

areas  such  as  the  and  ■  _ 

of  clothing,  corners  of  areas,  and 

beneath  and  behind  the  of  

and  . 


A03i  Given  a  series  of  statements,  correct  any  that  are 
false. 

Control  of  Fabric  Pests.  Controls  for  fabric  pests 
may  be  either  preventive  or  corrective  and  may  be  in 
the  form  of  nonchemical  or  chemical  controls. 

Preventive  control.  The  best  preventive  control 
measure  for  protecting  clothing  against  fabric  pests 
a:  tacks  is  to  place  the  clothing  in  a  cold  storage  facility 
Urhen  possible.  This  is  particularly  important  when 
expensive  furs  are  involved.  When  cold  storage 
facilities  cannot  be  used  or  are  not  practical,  articles  of 
clothing  may  be  placed  inside  plastic  bags  along  with 
puradichlorobenzene  crystals  (moth  balls)  and  sealed. 
Although  it  is  the  least  effective,  another  Course  of 
action  that  may  be  taken  when  clothing  cannot  be 
placed  in  cold  storage  or  in  bags  is  to  distribute 
puradkhlurobenzene  crystals  in  the  areas  where 
clothing  is  stored. 

NOTE:  See  Aprendix  A  in  the  supplement  to 
Volumes  4,  5,  6.  and  7  for  rate  of  application  of 
para dichloro benzene  crystals,  and  insure  that  these 
crystals  are  placed  out  of  reach  of  children. 

Corrective  control.  Clothing  that  is  mfested  with 
fabric  pests  may  be  rendered  free  of  these  pests  (if  they 
^re  in  the  adult  or  larvol  stages )  by  placing  the  clothing 
in  a  very  cold  environment  near  the  freezing  point)  for 
a  couple  of  days.  Dry  cleaning  or  laundering  garments 
wiH  generally  kill  all  stages  of  development.  If 
pesticides  are  required,  clothing  and  other  fabrics  may 
be  reMdually  treated  with  an  approved  insecticide:  of 
uiursc.  fumigation  nrovides  the  best  guarantee  for  a 


complete  kill  of  all  stages  of  fabric  pests.  While 
clothing  and  household  furnishings  are  being  treated,! 
a  residual  should  be  applied  to  baseboards,  floors, 
behind  radiators,  closet  shelves,  walls,  and  surface 
areas  of  carpeting.  \ 
NOTE:  See  Appendix  A  in  the  supplement  to 
Volumes  4,  5.  6,  and  7  for  chemical  control  of  carpet 
beetles  and  clothes  moths,  Remember,  never 
substitute  the  recommendations  found  in  this  course 
for  the  information  contained  on  pesticide  labels. 

Exercises  (A03); 

Correct  any  false  statements. 

1.    Controls  for  fabric  pests  may  be  in  the  form  of 

nonchemical  or  chemical,  but  the  controls  must  be 

preventive  in  nature, 


2.  Placing  clothing,  especially  expensive  furs,  in  a 
cold  storage  facility  is  the  best  preventive  control 
measure  for  protecting  clothing  against  fabric 
pest  attacks. 


3.  When  safely  using  paradichlorobenzene  crystals 
as  a  preventive  control  measure  in  clothing  areas, 
the  crystals  can  be  distributed  at  random. 


4.  Placing  clothing  in  a  very  cold  environment  for  a 
couple  of  days  is  an  effective  corrective  control  of 
fabric  pests  as  long  as  these  pests  are  in  either  the 
larval  or  pupal  rtages. 


5.  Approved  insecticides  may  be  used  effectively  for 
residually  treating  clothing  and  other  fabrics  as  a 
corrective  control  measure  fo/  fabric  pests. 


6.  Fumigation  is  an  effective  corrective  control 
measure  for  fabric  pests  and  can  be  accomplished 
by  anyone  who  is  assigned  the  566XO  AFSC. 


1-2,  Stored  Food  Pests 

Stored  food  pests  rob  the  citizens  ol  the  United 
States  of  approximately  one  billion  dollars  worth  of 
stored  food  each  year.  This  cost  doesn't  even  take  into 
account  the  damage  to  crops  in  the  field  or  losses  due 
to  diseases  of  humans  and  domestic  animals 
associated  with  these  pests. 

Siored  food  pests  have  heen  separated  into  five 
groups  based  upon  their  feeding  habits;  those  that  <  1) 
attack  whole  grains.  (2)  attack  broken  grains,  (}) 


''So 


attack  hcuns  and  peas,  f4)  attack  meats  and  cheese, 
and  (5f  are  geneval  feeders.  You  will  Jearn  about  the 
habits,  habitats,  and  eonirol  ot  these  pests  in  t hi* 
section. 

A 04.  Distinguish  hetween  true  and  false  statement* 
concerning  whole  grain  pests,  and  correct  those  thai 
are  false. 

Whole  Grain  Pests*  The  pests  discussed  within  this 
objective  are  I  hose  that  principally  infest  w  hole  grain. 

fiwi'  hiTVi/,  The  rice  weevil  [Sitnphitus  orxzti)  is 
worldwide  in  distribution  and  is  probahly  the  most 
important  grain  pest.  This  small,  reddish-brown  to 
black  snout  beetle,  3,1  t*i  4,2  mm  lung,  has  small, 
round  pits  on  the  thorax  and  two  reddish  or  yellowish 
^pots  on  each  iting  cover,  The  Larva  is  short,  fat,  and 
whitish.  The  adult  is  a  strung  flier.  The  larva  and  pupa 
develop  within  a  single  grain  of  rice  or  kernel  of  corn, 
from  which  the  adult  weevil  emerges  about  30  days 
after  ihe  egg  is  laid.  The  adult  female  lives  4  to  5 
months,  depositing  300  to  400  eggs  In  small  openings 
bored  into  grain.  The  rice  weevil  feeds  upon  corn,  rice, 
wheal,  barley,  and  oiher  grain*.  The  rice  weevil  is  a 
major  pest  in  the  south. 

Grrnctri  weevit.  This  wee^  il  {Stmphilus  granaries) 
is  similar  to  the  nee  ween  I  in  appearanc\  but  with 
oval  pits  on  the  thorax  and  with  the  wing  covers 
uniformly  dark  brown.  This  insect  has  become 
thoroughly  domesticated,  losing  its  power  of  flight 
and  forsaking  w  iM  and  cultivated  grain  fields  for  grain 
storehouses.  Thi*  snout  beetle  is  .slightly  larger  than 
the  rice  weevil  and  livev;  from  7  to  K  months.  The 
granary  weevil  is  primarily  a  pest  of  the  north. 

(.  'adt>lh\  The  cade  lie  (Tenvbrmdes  mauriiatiu  us)  ik 
\.\  black  beetle.  K  }  to  12  5  mm  long,  with  the  head  and 
pnmoium  distinct \y  separated  from  the  tbrewings  hy  a 
loose  joint.  The  large,  whinsh.  fleshy  larvae  are  about 
/  9  mm  Jong  w  hen  fully  grown  and  may  be  recognized 
bs  iheir  prominent  black  heads,  the  paired  black  spots 
on  the  three  segment*  of  the  thorax,  and  two  short, 
dark  hooks  at  the  posterior  end  of  the  abdomen. 
Larvae  burrow  into  the  woodwork  of  grain  bins.  A 
seemingly  clean  bin  may  harbor  thousands  of  larvae, 
pupae,  and  adults.  The  life  cycle  requires  from  2  to  14 
months,  with  many  adults  living  more  than  a  year.  The 
females  Jay  about  1,000  eggs  jn  protected  situations, 
such  as  in  cracks  near  food.  The  cadelle  feeds  upon 
grain  and  grain  products  and  does  much  damage  to 
bolting  sjlk  in  flour  mills.  It  is  especially  injurious  in 
unclean  mills 

fi>\Mr  pram  harrr.  The  lesser  grain  borer 
( Rin  zoperthu  thmiMt ti)  is  a  brown  or  black,  slender, 
cylindrical  beetle  w  ith  numerous  coarse  elevations  on 
the  pronotum  It  is  about  3  mm  long  and  is  most 
common  in  the  Gulf  States,  hut  may  occur  anywhere 
rn  the  enuntrv.  Roth  larvae  md  adults  attack  and 
destmv  wheal  kernels.  I  he  females  lav  up  to  5 00  eggs 
each,  dropping  rhem  in  the  loose  gram.  In  warm 
weather,  ihe  life  cvele  is  completed  in  ahoul  1  month 


AngmanuL  grain  moth  The  Angoumoisi  grain 
ttkQ\\\  {Sifafrtrga  cerealeiia)  is  a  light  grayish-brown  or 
straw-colored  moth  with  a  satiny  luster  and  wing 
expanse  of  12.5  to  16.6  mm,  The  hind  wings  are  fringed 
with  long,  dark  setae  and  have  a  point  at  the  tip  like  a 
finger,  This  feature  distinguishes  the  insect  from  the 
clothes  moth.  The  larva  is  white  with  a  brown  head-  It 
is  only  5  mm  long  and  lives'  within  the  individual  grain 
of  wheat,  corn,  or  other  grain.  It  passes  the  winter  in 
stored  grain.  The  adult  emerges  and  infests.  cereaJ 
crops  either  in  the  field  or  in  storage  und  deposits 
about  40  eggs.  The  entire  life  cycle  may  he  passed  in  5 
weeks.  Ihe  Angoumois  grain  moth  is  second  in 
importance  to  the  riee  and  granary  weevils  as  a  pest  of 
stared  grain.  It  is  of  greatest  importance  rn  (he  South 
and  tn  the  soft,  red,  winter  wheat  region  of  the  Eastern 
and  Central  Smesr 

Exercises  fA(M)i 

1.  Place  the  tetter  "T*  in  front  of  the  correct 
statements. 

  a,    The  nee  weevil  is  a  small,  reddish- brawn  to 

black  snout  beetle  with  small,  round  pits  on 
the  thorax  and  two  reddish  or  yellowish  spots 
<m  each  wing  covet, 

 _  h.   The  adult  rice  weevil  emerges  about  30  days 

after  the  egg  is  laid, 

  e.    t"he  granary  weevil  is  similar  to  the  rice  weevil 

in  appearance,  but  it  has  oval  pits  on  the 
rbura*  and  the  wing  covers  arc  uniformly 
dark  brown. 

  d.   The   granary   weevil   often   frequents  the 

Southern  States, 
e.    The  cade  Lie  is  a  black  beetle  with  the  head  and 
pronotum  distinctly  separated  from  the  fore- 
wings  hy  a  loose  joint, 

  1.     The  lesser  grain  borer  is  a  white  or  grey, 

slender,  cylindrical  beetle  with  numerous 
coarse    elevations    on    the  pronotum. 

  g.    In  warm  weather,  the  lesser  grain  borer  life 

cycle    is   completed   in   about    1  month. 

,  .  h.  The  Angoumois  grain  moih  is  a  Li^ht  grayish- 
brown  or  straw-colored  moth  with  a  satiny 
luster. 

 .  i.    The  larvae  of  the  Angoumois  grain  moth  is 

black  with  a  hrown  head  and  lives  within  the 
individual  grain  of  wheat,  corn,  or  oihe  grain. 

2.  Cancel  any  fa/sc  starements. 


AA5.  Identify  given  statements  pertaining  to  the 
descriptions*  importance,  and  development  of 
importani  broken  grain  pests  as  being  true  or  false* 
and  correct  the  false  statements. 

Broken  f train  Pesis.  T  he  pesis  discussed  w  ithin  this 
objective  are  those  ihat  principally  infest  processed 
grains,  such  as  cereal,  flour,  and  corn  meal. 
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Confused  /lour  beetle.  The  confused  flour  beetle 
fTnhfthum  vattfusum)  attacks  cereal  products  and  is 
the  worst  insect  pest  ol  prepared  cereals.  It  is  a  shiny, 
reddish-brown  beetle.  3,6  mm  long  with  a  flattened, 
oval  body,  The  head  and  in*  thorax  are  densely 
covered  with  minute  punctures,  ant!  the  wing  covers 
are  ridged  lengthwise  and  are  sparsely  punctured 
between  the  ridges,  The  antennae  gradually  enlarges 
from  head  to  tip.  This  beetle  is  not  known  to  fly  even 
though  it  has  wings,  Eggs  are  laid  on  the  surface  of  the 
food  with  a  sticky  substance  so  that  it  becomes  covered 
with  the  product.  They  will  hatch  in  5  to  12  days. 

Red  flour  beetfe*  The  red  flour  beetle  (Tribofium 
vasteneum)  is  very  similar  to  the  confused  flour  beetle 
in  its  life  history,  habits*  and  appearance,  This 
similarity  probably  accounts  for  the  naming  of  the 
confused  flour  beetle.  Even  though  they  are  very 
similar,  there  are  some  morphological  differences  in 
(he  two^For  example,  the  antennae  of  the  red  flour 
beetle  ends  with  the  last  three  segments  being  abruptly 
enlarged.  Another  difference  is  that  the  sides  of  the 
thorax  are  curved  instead  of  being  somewhat 
straightened  Ss  with  the  confused  flour  beetle.  In 
addition  to  these  differences,  the  red  flour  beetle  can 
fly, 

Mediterranean  flour  moth.  The  Mediterranean 
Hoar  rnoth  fAnagatta  kuhnietia)  prefers  cereal 
products,  but  it  will  attack  a  wide  variety  of  foods, 
including  whole  grain,  bran*  nuts*  and  dried  fruits,  It 
>  has  a  wingspread  of  Less  than  25  mm.  The  forcwings 

are  pale  gray  with  transverse,  wavy,  black  markings. 
The  hindwings  arc  a  dirty-white  color  The  whitish 
larva  (about  1 2,5rnm  long  with  a  brown  head)  lives  in 
a  silken  tube,  and  its  silk  clogs  machinery  and  tangles 
Hour  nuts*  chocolate,  dried  fruit,  and  other  foods 

Indian  meat  moth.  The  Indian  meal  moth  (Plodia 
inierpuaeUa)  prefers  coarse  grades  of  flour  arid  milled 
products,  but  it  will  attack  a  wide  variety  of  dry  food 
products,  This  moth  has  a  wingspread  of  about  19  mm 
and  is  easily  recognized  by  the  distinctive  markings  on 
ihe  forewtngs.  These  wings  are  reddish  brown  with  a 
coppery  luster  on  the  outer  two-thirds  and  whitish 
gray  on  the  upper  third.  The  liny,  white,  brown- 
headed  larvae  spin  a  silken  thread  that  forms  a  Loose 
wehhing  that  is  readily  detected  in  heavy  infestations. 

Exercises  IA05): 

L    Place  the  letter  "T"  in  front  of  the  correct 
statements. 

  a.   The  confused  flour  beetle  attacks  cereal 

products  and  is  the  worst  insect  pest  of 

prepared  cereals. 
  b.   The  confused  flour  beetle  is  shiny,  reddish 

hrown,    with    a    flattened,    oval  body. 
  c.    The  confused  flour  beetle  is  not  known  to  fly 

even  though  it  has  wings 
  d.    The  antennae  of  the  red  Hour  beetle  ends  with 

the    hist   three   segments   being  abruptly 

smaller, 

  e    The  red  flour  beetle  is  not  capable  of  flying. 


  f,    The  Mediterranean  flour  moth  prefers  cereal 

products*  including  whnle  grain,  bran*  nuts* 
and  dried  fruit. 

—  Mediterranean  flour  moths  are  pale  grey  with 
transverse,  wavy,  black  markings,  The 
hindwings    are   a   dirty-white  color, 

-      h>  Indian  meal  moths  prefer  fine  grades  of  flour 

and  milled  products, 

  i.    The  forewings  of  the  Indian  meal  molh  are 

reddish  brown  with  a  coppery,  luster  on  the 
outer  two-thirds  and  whitish  gray  on  the 
upper  third. 

2.    Correct  any  false  statements. 


AD6*  Provide  derails  concerning  the  idenrifl cation, 
life  cycle,  and  feeding  habits  of  important  be  ait  and 
pea  pests. 

Pests  of  Beans  and  Peas*  Although  there  are  several 
arthropods  that  attack  beans  and  peas,  there  are  only 
two  that  are  significant  to  you,  Both  are  weevils  that 
are  actually  beetles  (order  Coleoptera)  with  snouts, 

Bean  weevii  The  bean  weevil  (AcanthosceBdes 
ohteatts)  is  a  short  snout  beetle  that  feeds  upon! stored 
beans  and  peas.  The  adult  is  approximately  3  mm  long 
with  reddish  legs  and  a  light  olive-brown  color, 
mottled  with  darker  brown  and  vray,  The  body 
narrows  evenly  toward  rhe  head,  The  tiny,  legless  larva 
and  pupa  Live  within  the  bean,  whereas  the  adult 
emerges  from  the  bean  and  feeds  upon  other  materials 
The  female  deposits  eggs  in  beans,  both  in  the  Held  and 
in  storage.  Six  or  seven  generations  may  be  completed 
in  a  year.  As  many  as  28  weevils  have  been  known  to 
develop  in  one  bean.  The  use  of  tight  sacks  has  been 
found  to  afford  considerable  protection,  Bean  vines 
and  other  refuse  should  be  burned  in  the  field  or 
plowed  under  to  prevent  propagation  of  this  insect. 
The  adults  hibernate  in  fields  and  warehouses. 

Pea  weevil.  This  weevil  (Bruchus  pisorum)  is 
similar  to  the  bean  weevil,  but  it  is  larger  (5  mm  long), 
brownish  flecked  with  white,  and  it  has  black  to  gray 
patches  of  scales.  There  is  one  generation  per  year*  the 
adults  overwintering  in  peas  in  the  field  orin  storage, 
Egg  deposition  occurs  only  in  the  field.  House  mice  eat 
pea  weevils  by  cracking  open  the  Infested  pea.  eating 
the  weeviL  and  discarding  the  pea. 

Exercises  (A06): 

1.  The  bean  weevil  is  a  short  beetle 

that  feeds  on  stored  beans  and  peas, 

2.  The  tiny,  legless  and  

 live  within  the'tearu  whereas  the 

 emerges  from  the  bean  and 

 upon  other  materials, 

3.  The  adult  bean  weevil  hibernates  in  

 and  

4.  The  pea  weevil  is  similar  to  the  

II  t'l'Vl/. 

v    7V  Pea   vseevtt  depa&its  eggs  ontv   itt  rhe 
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A07.  Mitch  mciit  and  cheese  pests  with  given 
statements  concerning  the  identification*  significance* 
and  feeding  hahtts  of  meat  And  cheese  pests. 


Pests  of  Meat  and  C  heese.  This  objective  discusser 
the  pests  that  intent  principally  the  products  of  animal 
origin, 

t&rtler  hvetk*.  I  he  larder  beeile  (DermesW.s 
tardartun)  is  aboui  K  mm  long-  dark  brown,  with  a  wide 
yellow  band  across  the  front  part  of  the  wing  cover 
The  larva  is  hmwn,  very  hairy,  tapering  towards  the 
ends  oj  the  body.  This  insect  is  worldwide  in 
distribution.  The  egg*  are  laid  on  or  near  animal 
products,  such  as  leathers,  horns,  skins,  hair,  ham, 
huenn,  dried  beet,  and  like  products.  The  life  cycle 
requires  40  tn  50  days,  This  insect  may  be  found  in  dog 
biscuits,  cheese,  museum  specimens*,  dried  fish,  and 
stored  tobacco.  It  is  aho  known  to  penetrate  lard. 

Reil-fciMed  hum  heette.  This  insect  (Xecrobia 
raftpv.s)  is  a  shiny  blue  to  green  beetle,  3.5  to  6.2  mm 
Jong,  with  reddish  legs.  It  is  especially  troublesome  in 
the  Middle  Atlantic  States.  The  adults  usually  disperse 
bs  rapid  running,  but  can  fly.  The  mature  larva  is 
ahoul  10  mm  long,  purplish,  with  six  short  legs,  and 
tapers  toward  the  head.  The  life  cycle  usually  takes  36 
to  150  da\s  The  female  lays  400  to  U0OO  eggs  on 
exposed  meat.  Thus,  hams  must  be  wrapped 
immediately  alter  smoking.  The  larva  can  perforate 
grcas  cloaked  paper  wrappings  This  pest  lives 
pnmarih  on  dead  and  decaying  animal  matter,  but  it  is 
sometimes  reported  in  groceries  and  warehouses  in 
smoked  ham,  bacon,  garlic,  bone  meal,  and  other 
materials. 

{'ht'f.u-  nwvgor.  Yhih  pest  is  a  fly  (Piophila  vq\v\i 
about  the  st/e  ol  a  housefly  and  is  often  relerredlo  as  a 
cheese  skipper.  The  adult  is  black  with  a  bronje  tint  on 
the  thorax.  It  has  reddish-brown  eyes  and  iridescent 
wings  which  he  Hat  over  the  body.  The  larva  is  a 
slender  maggot,  pointed  toward  the  head  end.  The 
larva  is  able  to  skip  as  mucn  as  1 0  inches  horizontally 
and  6  inches  vertically  by  corving  its  body  into  a  ring, 
fastening  its  mouth  hooks  onto  the  end  of  its 
abdomen,  suddenly  releasing  its  hold,  and  throwing 
itself  into  the  air.  The  life  cycle  of  the  insert  is 
completed  in  1 2  days  under  favorable  conditions.  The 
adult  deposits  140  to  500  eggs  over  a  period  of  3  to  4 
days.  This  insect  infests  ham  and  cheeses.  The  adults 
can  transmit  entenc  diseases  to  man  by 
contamination,  and  the  maggots  cause  intestinal 
irritation  when  ingested  with  cheese.  The  recognised 
common  name  "cheese  skipper"  is  very  unfortunate 
lor  this  pest,  because  skippers  are  mothlike 
Lepidoptcra. 


Exercises  (A07): 

Match  the  statement  in  column  A  uith  the  pest  m 
column  B 


l.jrder  beeile 
Hctf.fajjtfcri  ham 
be  rile 

Cheese  muggiil. 


{  'oitittltt  A 

  I     I  his  beeile  I*  vhiny  blue  wiih 

reddish  legv 

—  2,     The  larva  jvbrown,  very  hairy. 

and  lapers  towards  Uie  end  of 
I  lie  hody, 

—  3.    The  adult  is  black  with  a 

bron/e  [ml  on  the  ihorux 
reddisFi-hrniAn  eyev,  and 
indeiixni  wings  which  he  flat 
over  ihe  body 

—  A     Fight  mm  long,  dark  brown. 

wiih  yellow  huncf  across  the 
Iront  pari  of  ih*  u  ing  Cljv^i 

  5     rhe  lurvji  has  six  vhnri  leg£ 

j rid  (upers  toward  the  head 

—  *i     I  he  Ur\j  is  a  shmder  muggm 

pointed  ro^ards  ihe  bead  end. 


A08.  Provided  with  true  and  false  statements 
concerning  general  feeder  pests,  identify  the  incurred 
statements  by  correcting  them. 

General  Feeder  Pests.  Even  though  many  of  the 
stored  product  pests  previously  discussed  may  infest  a 
variety  of  products,  they  are  considered  to  bespecific 
in  food  choice,  This  preference  is  not  the  case  with  the 
general  feeders. 

Saw- Soothed  grain  beetle*  The  saw-toothed  grain 
beetle  (Oryzaephilm  surinamensis)  is  an  important 
pest  known  throughout  most  of  the  world.  The  adult  is 
a  small,  active,  brown  beetle.  2.5  mm  long,  with  a 
flattened  body  and  six  saw-toothed  projections  on 
each  side  of  the  thorax.  The  larva  is  yellowish  white, 
about  3  mm  long,  with  a  brown  head  and  an  abdomen 
tapering  toward  the  tip.  The  females  live  tor  6  to  10 
months,  depositing 45 to  2X5  eggs  in  foodstuff  Several 
generations  may  occur  each  year,  as  the  life  cycle 
requires  only  3  to  4  weeks  during  the  summer,  The 
saw-toothed  grain  beetle  is  an  important  pest  in 
grocery  stores,  food  warehouses,  and  grain  storage.  It 
readily  penetrates  packaged  cereals,  dried  fruits,  and 
candies.  It  also  attacks  Hour,  meal,  sugar,  drugs,  dried 
meat,  and  tobacco. 

Cigarette  beetle.  The  cigarette  beetle  (Lasiodtrma 
serricorne)  is  principally  a  pest  of  tobacco,  but  it  will 
feed  upon  many  other  products  as  was  evidenced  by  trs 
presence  tn  the  tomb  of  Tutankhamen  in  Egypt.  This 
small,  oval.  ligH:  brown  beette  is  2.5  mm  long  with 
smooth  wing  covers,  The  head  is  retracted  beneath  I  he 
thorax.  The  adult  beetle  Hies  readily.  The  larva  is 
yellowish  white,  curved,  very  hairy,  with  alight  brown 
head,  and  is  about  4,2  mm  in  length.  The  life  cycle 
requires  from  6  to  12  weeks,  and  there  may  be  5  to  6 
overlapping  generations  per  year  in  warm  localities, 
but  there  is  only  t  generaiion  in  cooler  areas.  The 
temale  deposits  as  many  as  100  eggs  in  tobacco,  grain, 
milled  cereals,  and  other  products.  This  insect  infests 
upholstered  furniture,  feeds,  dried  plants,  drugs,  black 


7 

4Sj 


■tnd  red  pepper  pyrethnim  powder,  nnsjns,  na\  aruJ 
many  other  commodities. 

/.?rMif  sfor*j  beetle,  I  he  J  rug  store*  beetle 
fStvw*hiwH  fjutUi  rum}  is  m miLir  to  the  cigarette  beetle 
m  appearance,  hut  it  is  slightly  larger  1 2.5  3  mm  lung), 
more  elonguie  and  has  rhe  wing  covers  distinctly 
striated.  I  he  last  threv  segments  or  its  antennae  arc 
sawhke.  Its  food  is  even  more  varied  than  thai  ot  the 
cigarette  beetle,  and  it  is  said  to  Iced  upon  "almost 
anything  except  case  iron/*  It  peculiar 1  did  includes 
such  odd  materials  as  strychnine.  belladonna,  books, 
mummies,  and  lead 

Khcipra  hvvttv.  This  hectic  i&  pale  red  to  brown  or 
black  and  is  I  mm  I  7  to  3  mm  Icing.  Females  are  much 
larger  trun  males,  Ihe  temalc  lays  up  to  I2n  eggs, 
*  fitch  hatch  yellowish-brown  larvae  with  long  setae. 
[  he  Larva  develops  into  a  pupa  and  the  pupa  into  an 
adult,  The  life  cycle  requires  about  6  weeks  during 
uarm  weather  The  larvae  may  live  for  years  without 
tood,  Khapra  beetles  (Tro%ntierma  grantirium)  feed 
on  dried  vegetables  or  animal  matter  of  all  kinds.  Only 
the  southwestern  L'nited  Stales  is  known  to  he  infested 
.it  ihe  present  lime.  If  you  tind  any  of  these  beetles  you 
must  repoft  them  immediately  to  the  U.S  department 
ot  Agriculture. 

Kxercite?  |A0K): 

1     Correct  any  false  statements  helow. 

a.  The  adult  saw-touthed  grain  beetle  is  a  small, 
acme  brown  beetle  with  a  flattened  body  and  four 
saw  -toothed  projections  on  each  side  ol  the 

thorax. 


The  saw-toothed  ^rain  beetle  is  yellowish  whiie 
with  a  brown  head  and  an  abdomen  tapered 
uiuards  the  tip. 


The  ngarctie  beetle  is  a  smalL  oval  light  green 
beetle  with  smooth  wing  covers. 


The  cigarette  beetle  larva  is  yeHowi^h  vs  h Etc. 
curved,  ^er\  hatrv  vs iih  a  lieht  hrovsn  hvad. 


[he  d ru it  attire  beetle  is  iimikir  to  the  khapra 
hectic  m  appearance 


g<     I  he  lemale  khitpni  beetle  is  much  larger  thuryhe 
male.  ^ 

h    1  he  khapra  beetle  larva  may  live  tor  yc»rs  without 
food , 


Distinguish  between  tvut  and  false  statements 
pertaining  tu  the  survey  and  collection  of  a  to  red 
product  pests*  and  complete  uther  given  statements* 

Survey  and  Collection  Techniques  for  Stored 
Pruduct  Pest*.  The  dry  stores  area  is  probably  the 
most  overlooked  food  service  area  from  an 
entomological  point  of  view.  The  insects  that  infest  dry 
stores  may  not  be  easy  to  discover  in  light  infestations, 
but  heavy  infestations  can  be  nauseating.  The 
monetary  lots  of  foods  due  to  insect  infestations  can 
run  into  hundreds  of  dollars  as  welJ  as  depriving 
personnel  of  certain  food  items  until  replacements  are 
available. 

Surveys  are  a  vital  part  of  any  pest  management 
program.  A  good  survey  prograpi  not  only  allows 
you  to  control  a  current  infestation,  but  helps  you 
prevent  future  infestations,  Make  a  visual  inspection 
on  all  incoming  goods  that  are  susceptible  to  insects.  If 
a  heavy  infestation  is  present  at  time  of  receipt,  reject 
the  load.  A  light  infestation  detected  at  this  time  would 
indicate  a  need  for  treatment  before  these  items  are 
stored. 

The  following  guidelines  for  determining  the  fitness 
of  insect  infested  subsistence  items  for  human 
consumption  have  been  approved  by  the  Surgeon 
Generate  of  the  military  services, 

a.  When  an  infestation  is  found  to  include  larval 
stages  of  an  insect  species  beltfnging  to  genu!) 
T rugoiiernia  or  other  dermestids^  one  insect  within  the 
product  is  justification  for  condemnation  of  the  food 
product. 

h.  When  an  infestation  is  found  to  involve  insect 
species  belonging  to  ihe  genus  Tribolium,  three  insects 
per  pound  w  ithin  the  product  container  is  justification 
for  the  condemnation  of  the  food  product, 

c  When  an  infestation  Ls  found  to  involve  insects 
other  than  (hose  belonging  to  the  genus  Trogoderma 
tor  other  dermestids)  or  Tribolium,  a  maximum  of  six 
insects  per  pound  of  product  is  permissible. 

d.  For  all  resale  subsistence  to  be  sold  at  military 
commissary  and  or  exchange  outlets:  any  insect 
found  within  □  subsistence  product  container  is 
justification  for  the  condemnation  of  the  food 
product. 


The  drug  -.lore  beetle  diet  includes  sirschmne. 
bo/Jedonna.  books,  and  laid. 


Most  insect*  base  a  very  high  reproductive  potential 
which,  combined  with  a  short  cycle,  permits  an 
incipient  infestation  to  become  damaging  within  a 
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short  peruid  n|  tune  J  he  inspect ■  r r  (hast;  setennaruni 
iff  uthcr  designated  uihcuil}  should  regard  each  next 
ihipmcnt  as  suspect  ;md  s.huuld  not  assume  that  the 
apparent  absence  ol  insects  means  thai  none  are 
present  Cereals  uilh  less  than  imc  insert  per  pound 
mas  become  hejsih  mlcMe<J  \Mthm  .Uldays,  requiring 
rrui  (he  cereals  he  iwlc/  for  animal  feed  err  descroveii. 
lark  detection  ol  msciC  jnlestanons  plus  prompt 
control  measures  make  ji  possible  to  save  saluable 
loud  stocks.  Should  destructive  pests  be  found,  sample 
ihe  contents  to  determine  the  condition  oj  the  totni 
Ami  the  abundance  of  intestine  insects 

1 1)  nmduct  an  inspection  and  collect  stored  prod  net 
pest-,,  sou  need  a  liuhhh^hi,  s  nils  ;ind  pillboxes,  hand 
It'fis,  .ind  suitable  samplers  \  sampler,  or  "thiel"  a 
'uni  lor  removing  col  lee.  corn.  rice,  or  other  products 
ifurn  .1  iack  without  damaging  the  sack  It  is  usually 
war  practical  tu  sample  closed  cartons  ur  food  in 
niullivvuLI  bays  unless  there  i<i  good  reason  lo  suspect 
ui1estatn>n  It  food  is  not  kept  in  these  tvpes  of 
containers  loi  loni:  periods  oi  time,  the  danger  of  ioss 
is  small 

Make  inspections  thnnj^houi  the  warehouses  at 
ueekls  intcrsals  during  the  warm  months  and  at 
monthls  intersals  dunnu  the  cool  months.  Stop  at 
each  location  s\  here  susceptible  food  is  stored.  Canned 
livijs,  sugjr.  and  other  items-  not  highK  susceptible  to 
damage  are  Usuulls  bs  passed  or  yisen  a  u.Liick 
examination  I  xamine  caret  ull\  beans,  hams,  cereals, 
and  improperly  packaged  cheeses  li  is  a  good  praeiice 
to  ch^ck  svindovis  tor  lis  my  jnsecis  and  to  examine 
flours,  pallets  and  \xulls  lor  insects  that  hu.se  emerged 
Insects  aflectin^i  sacked  grains  and  cereal  produce  are 
tountl  on  i  he  exterior  ol  the  hugs  and  at  the  ends  \s  here 
the  hays  are  stitched  I  \e  the  flash  hy  hi  in  examining 
hese  location  v  j/id  collect  ^  pec  i  mem  lor 
id<  nhlication  I  he  lot  number  ol  each  shipment  is 
recorded  in  a  noiehook.  together  uith  Ihe  date  ol 
receipt,  oriLun  ot  the  shipment,  date  the  in  festal  urn  ss  its 
liisLosered.  and  name  ol  the  inspector. 

Items  ma>  he  tmpeeCed  u  ht/e  rhes  are  rn  f  rer^hc  cars 
or  nn  loading  platforms  before  thes  are  placed  in 
storage.  One  inspection  method  used  is  sjmpliny,  from 
^mie  ol  the  packages  and  placing  the  food  in 
incubators  so  that  insects  mas  emerge  and  he  detected. 
A  Tiiethnd  nf  detecting  feces  m  (four  is  to  shake  the 
tlour  in  a  flask  with  a  saturated  ^alt  solulion 
containing  gasoline  i  35  ml  ol  gasoline.  ^10  ml  ot  suit 
solution,  50  £  ot  tluur  I,  Allow  [he-  llask  to  stand  for 
minutes  Stir  Jt  5-miniue  internals  without  disturhing 
the  gasoline  Jascr.  I  a  trap  ]lask  io  eollecl  flouting 
material,  and  examine  ihK  material  for  insect  and 
roiftnt  feces 


t!\erciies  l.XllKj: 

I     H.iee  i  he  letter    1"  in  Iront  or  the  true  suiemenis 

  A  It  a  wsuai  inspection  reveals. i  he;o\  infesta- 
tion present  at  the  :ime  of  receipt,  the  I < ■  r 
should  f>e  rcieaed 


h.   Condemnation  of  the  food  product  is  justified  * 
if  you  find  one  insect  in  (he  larval  sfai*e  oi  V 


species  hejonying  to  genus  J'ragorfernw  or 
other  dermeMid-sT 

  c.    Condemnation  of  food  products  isju^lifiod  if 

you  find  twt>  insects'  belonging  to  the  genus 
TrihoihoTt  per  pciund  within  u  product 
ei>ntainer  of  in  seels. 

 d    When  an  infestation  is  found  to  involse 

insects  other  than  those  belonging  to  ihe 
genus  Trogudcrma  or  Tribothtm,  amuximum 
of  three  inlets  per  pound  ol  product  is 
perm  issible. 

  e     Warehouses  should  be  inspected  at  weekly 

intervals   during   the    warm   months  and 
monthk  intervals  during  the  cool  months. 
Early  detection  ol  insect  infestation  p]u* 


control  measures  make  it  possible  to  save  valuable 

 stock  v 

To  conduct  an  inspection  and  collect  stored 

pi  oduet  pest  i,  sou  svill  need  a  

 ,  and  suitable 


and  improperly  packaged 
be  examined  carefulK. 


should 


5     Insect*  uftcciin^ sacked  grain  and  cereal  products 

are  lound  on  thu  of  bags  and  at  the 

 here  the  hags  are  


r>.     The  lot  numher  ot  each  shipment  is  reenrded  in  a 

notebook,  together  wiih  the    of 

reeespt,  of  shipment  

infestation  vsa>  discos ered.  and  

ot  the  inspector. 

T     One  inspection  method  used  in  sampling  some  ot 

the  packages  and  placing  ihe  food  in  

so  th;U  insects  mjs    and  he 


AH).  Complete  gisen  ^tutements  concerning  various 
presentive  control  measures  for  stored  product  pesls. 
and  identify  the  type  of  preventive  control  lhat  Ihe 
slatmenls  describe. 

Preventive  (  ontrol  of  Stored  Product  Pesrs,  Some 
people's  eusiom  ot  Muring  food  for  later  consumption 
provides  insects  and  eas>  Using.  Some  pests  live  in  the 
fields  jnd  Jls  into  storehouses  or  are  transported  in 
u  iih  infested  tood.  Others  five  onK  in  stored  foods  and 
ins i-ide  Iresh  material  wh ich  is  brought  inr  It  t he 
storehouse  provides  favorable  moisture,  temperature, 
and  harborage,  not  only  may  tremendous  economic 
loss  result,  hut  people  are  exposed  to  insecl-bt>rne 
disease.  Stored  product  pest  control  should  be 
conducted  on  a  > ear  round  basis.  Prevention  is  the  hesi 
is  av  to  com  ro I  stored  product  pests  I  here  are  ^eseral 
vs;»\s  u>  present  ihese  pests,  meludmu: 

■  Sanitation, 

■  Pallen/inu. 
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•  Rotation. 

•  Isolation. 

•  Ventilation 

•  Packaging. 

•  Insectproof  construction. 

Sanitation.  Cleanliness  is  an  important  factor  in 
preventing  insect  damage  to  stored  products.  Many 
warehouses  have  become  highly  infested  because 
Hour.  rice,  or  other  foods  have  been  spilled  on  the 
floors  and  allowed  to  remain  for  long  periods  of  time 
to  reinfest  each  new  shipment  of  clean  merchandise 
placed  in  storage.  It  is  essential  that  all  torn  bags  be 
repaired  immediately,  that  floors  be  kept  clean,  and 
that  efforts  be  directed  toward  preventing 
Contamination  of  stored  food  products. 

Palletizing,  Do  not  allow  the  placing  of  cartons, 
bags,  and  other  containers  of  goods  directly  upon  the 
floor.  Oak  or  pine  pallets  should  be  employed  (o  store 
rhe.w  items,  each  pallet  containing  a  load  that  can  be 
transported  from  place  to  place  by  hydraulic  lift. 
Cartons  or  bags  should  be  placed  upon  the  pallets  by 
hand  labor,  but  after  this  ov-r  j^on.  machinery  can  be 
used  to  transport  the  pallettz.d  stocks  from  place  to 
place.  There  is  a  trend  toward  shipping  material  on 
pallets  so  that  the  merchandise  can  be  loid-d  and 
unloaded  by  machinery.  Cereal  products  or  ether 
foods  must  not  be  stacked  against  warehouse  walls  or 
ceilings,  as  this  placement  prevents  adequate 
inspection  and  creates  a  fire  hazard.  Stacking  food 
products  againsi  the  walls  a/so  increases  the  amount  of 
rodent  harborage.  Stacks  should  not  be  so  high  that, 
they  crush  cartons  and  bags,  as  this  practice  also  will 
increase  the  probability  of  infestation. 

Rotation,  Rotation  of  stocks  is  an  important  factor 
in  preventing  losses  due  to  insects,  if  old  stocks  are 
allowed  to  remain  in  storage  for  long  periods  of  time, 
the  insects  may? complete  one  or  more  life  cycles,  and 
light  infestations  may  become  damaging  ones.  Old 
stocks  remaining  on  hand  may  infest  stocks 
subsequently  received.  The  accumulation  of  dirt  and 
filth,  rodent  urine  or  feces,  and  moisture  may  result  in 
the  eventual  loss  of  valuable  foodstuffs.  Food  stored 
under  such  conditions  is  especially  subject  to  insect 
attack,  and  the  formation  of  mold  may  impart  an  off- 
flavor 

isolation,  [|  is  important  to  isolate  new  stocks  of 
susceptible  items  from  the  old  supply.  Often  a  carload 
of  feed  or  flour  is  slacked  on  or  near  a  few  remaining 
sacks  of  old  infested  materials.  This  placement  results 
tn  the  immediate  infestation  of  the  new  shipment. 
Susceptible  items  musi  be  stored  as  remoiely  as 
possible  from  old  stocks,  whether  the  infestation  is 
heavy  or  light,  or  even  if  the  material  is  believed  to  be 
free  from  infestation 

Ventilation.  Adequate  ventilation  is  important  in 
the  storage  of  dry  foods.  A  high  moisture  content  is 
conducive  10  attack  by  insects  and  mites  and  the 
formation  of  mold*  Ventilation  may  be  provided  by  3- 
foot  access  aisles  between  stacks  and  the  walls,  and  2 


feet  between  the  stacks  and  the  ceiling.  Ventilators  and 
doers  should  be  opened  during  dry  weather  and  closed 
during  periods  of  excessive  humidity.  During  the 
winter,  it  is  advantageous  to  permit  cooi  air  to 
circulate  in  warehouses  unless  this  air  may  cause 
damage  to  products  subject  to  freezing.  Grains  may  be 
subjected  to  extremely  low  temperatures  without 
damage.  Cold  is  a  useful  factor  in  deterring  insect 
infestations,  as  most  species  develop  slowly  at  low 
temperatures  and  many  individual  insects  are  killed  by 
freezing  temperatures. 

Packaging.  The  careful  packaging  of  subsistence 
items  can  greatly  limit  insect  infestations  in  stored 
food.  Generally.,  it  is  best  not  to  reuse  packaging,  if 
packaging  is  to  be  reused,  it  must  be  sterilized  by  heat 
or  fumigation. 

Insectp roofing.  Grain  stored  in  poorly  constructed 
buildings  may  become  infested  by  insects  flying  in 
from  nearhy  fields  or  warehouses.  Poor  construction 
encourages  rapid  build uP  of  large  populations. 
Carefully  planned  and  constructed  warehouses  can 
minimize  this  hazard.  Make  the  budding  as 
insectproof  as  possible. 

Exercises  (AID);  / 

J,    The  seven  preventive  control  measures  of  stored 
products  pests  are  .  


*and 


2.    [t  is  essential  that  all    bags  be 

 immediately*  thai  floors  be  kept 

 and  that  efforts  be  directed  toward 

preventing  of  stored  

products. 


3.    What  type  of  preventive  control  measure  is 
applied  to  the  above  statement? 


4<    Proper  practice  in  food  storage  does  ncft  allow 

placing  ai)d  other 

 of  goods  directly  upon  the^  


5.    What  type  of  preventive  control  measure  is 
applied  to  the  above  statement? 


fv    If  i>ld  stocks  are  allowed  to  remain  in  storage  for 

 periods  of  the  insects 

may  complete    or    life 

cycles. 
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T    What   type  of   preventive  control  measure  is 
implied  in  the  above  statement? 


K.    Susceptible  item  &  must  be  stored  as  

as  possible  from  old  .  whether 

the  infestation  is  heavy  or  light,  or  even  if  the 
material  is  believed  to  be  free  from  infestation. 


9.    What   type  of  preventive  control  measure  is 
applied  in  the  previous  statement? 


\{),  Doors  and  ventilators  should  be. 
during  dry  weather  and   


periods  of  excessive  humidity. 


during 


I  I.  What  type  of  preventive  control  is  applied  in  the 
previous  itaiemeni? 


1 2  Sienna r j on  by  hear  or  fumigation  h  necessary  if 
 in  to  be  reused. 


J }.  What   type  ol   pre\  entive  control  measure  is 
applied  in  the  previous  Ntatcmeni? 


14.  Carcfuik 


and 


warehouses  Can  minimize  infestation  caused  by 
insects  flymg  in  from  nearby  fields  and 
warehouses. 


15.  What   upe  til   preventive  control  measure  is 
applied  m  ihe  previous  statement? 


All.  Complete  given  statements  pertaining  to  the 
corrective  citnirnl  of  stored  product  pests. 

Corrective  Control  of  Stored  Product  Pesls.  Once 
stored  foods  ha^c  become  infested  with  in>ects,  they 
muNt  be  controlled  to  prevent  the  spread  of  these 
insects  and  to  reduce  further  damage.  The  corrcense 
muthods^tbai  uiu  can  u>e  to  control  stored  product 
pe>t>  in  the  subject  of  t his  objective, 

Radtuntffi,  Radiaof  errergv  has  been  used 
expenmenmlK  to  eliminate  pests  from  stored  food 
and  in  a  limned  wa\  in  food  plant*.  IhK  technique 


may  become  a  commonly  used  method  for  stored  food  ^ 
pest  control  in  the  near  future,  « 

High  frequency  electric  fields.  Storfd  product  pest" 
control  through  selective  heating  by  Vgh  frequency 
electric  fields  has  been  accomplished  experimentally 
and  shows  promise  as  a  method  of  eliminating  insect 
eggs  from  stored  foods." 

Biological.  Parasitic  wasps'*  {Anis.opteronia!us 
calandrae,  Caphalonomia  larsalts,  Bracon  heb^or. 
Idechihis  canescens.  etc.).  fly  larvae  (Omphralc 
fenttiiratiSi  Omphrale  globriftons,  etc.),  and  mites 
(straw  itch  mites,  floricolus  grain  mites,  etc.)  prey  on 
srored-product  inserts  and  can  beeffectue  in  limiting 
an  infestation.  A  crab  spider,  Thanaius  peninsulanus. 
is  commonly  found  preying  upon  stored  food  pests. 

Residual  spraying.  Res/dual  spraying  in 
subsistence  warehouses  should  be  restricted  to  waits 
and  floors  only.  Use  only  those  chemicals  that  are 
recommended.  Be  sure  to  follow  all  label  instructions 
as  each  pesticide  is  registered  with  EPA  only  for  those 
uses  listed  on  the  label.  The  label  is  the  Jaw. 

Space  spraying.  Space  ■  sprays  consisting  of 
approved  insecticides  (see  appendix  A  of  supplement 
to  Volumes  4. 5.  6,  and  7  may  be  applied  by  using  ultra- 
low-volurrie  dispersal  equipment.  This  equipment  fills 
the  air  with  tiny  droplets  of  insecticide  that  kill  insects 
in  flight  or  upon  exposed  surfaces.  This  method  also 
helps  kill  these  pests  between  pallets,  bags',  arid  in 
other  locations.  Such  treatments  do  not  constitute 
fumigation  and  are  feasible  only  for  destroying  insects 
that  have  not  penetrated  bags  and  cantons.  These 
treatments  are  regarded  as  preventive  maintenance 
rather  than  as  a  means  for  eliminating  existing 
infestations. 

Fumigariiin.  Fumigation  of  stored  products  is  the 
traditional  means  for  destroying  all  insects  infesting 
bins,  elevators,  warehouses,  and  storerooms. 
Fumigation  is  dangerous  and  should  be  attempted 
only  by  qualified  personnel. 

The  in-transit  fumigation  program  should 
drastically  reduce  infestations  of  products  arriving  by 
rail,  but  this  does  not  mean  that  you  should  curtail 
your  survey  programs.  In  addition  to  the  intranet 
fumigation  mentioned  earlier,  in-place  (stack) 
fumigation  may  also  be  used.  Fumigation  ^jth 
aluminum  phosphide  kills  all  stages  of  the  pests 
involved,  and  if  proper  procedures  are  followed,  it  is  a 
safe  and  economical  method  of  eradication. 

Fumigation  is  usually  accomplished  in  containers, 
vaults,  buildings,  or  box  cars  at  atmospheric  pressure. 
More  satisfactory  treatment  can  be  obtained  in 
vacuum  charr.bersespecially  develop  -1 1%  ir  fumigate 
purposes.  These  installations  are  very  expensive  and 
are  not  available  in  all  areas.  Bagged  and  packaged 
materials  may  be  completely  disinfested  of  live  insects 
by  vacuum  fumigation  (methyl  bromide  will  penetrate 
to  the  center  at  a  200-pound  sack  of  flour  or  through 
cartons  u>ed  lor  packaging  ccreaM.  rh«W 
fumigations  arc  not  completely  effective  at 
atmospheric  pressure,  and  vacuum  chambers  are 
recommended.  Kumigatcd  items  must  be  placed  m 
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proper  storage  after  treatment.  As  insect  eggi  are  not 
always  killed,  stocks  are  susceptible  to  reinfestation.  It 
is  not  desirable  to  fumigate  the  Same  items  repeatedly. 

After  a  warehouse  has  been  freed  of  stored  product 
pests,  it  is  very  important  to  examine  all  incoming 
stocks  carefully  to  avoid  introducing  new  infestations. 

Reclamation.  Reclamation  is  a  term  used  to  denote 
the  processing  of  materials  in  order  to  prevent  severe 
lasses,  providing  the  infested  items  will  pass  the 
standards  of  the  Food  and  Drug  Administration. 
Immediate  fumigation  of  tightly  infested  materials  will 
often  suffice,  but  heavily  infested  materials  can  rarely 
be  put  to  use  as  human  food.  Flour  may  be  rebolted  to 
remove  most  of  the  infesting  insects,  but  the  minute 
fecal  matter  and  eggs  are  not  removed.  Hams  infested 
by  cheese  maggots  may  be  trimmed  and  repackaged  in 
order  to  maintain  them  in  a  salable  condition.  Cereal 
products  may  be  fumigated  and  repacked  in  multiwall 
*acks  to  prevent  further  damage.  It  is  good  practice  to 
,use  multiwall  bags  for  cereal  products  that  are  to  be 
shipped  overseas  to  the  tropics  in  the  holds  of  ships, 
making  conditions  favorable  to  insects.  Military 
produces    are    often    stockpiled    overseas  under 


conditions  which  subject  them  to  high  temperature 
and  humidity  over  a  period  of  time.  ^ 

Exercises  (All):  «^ 

I     Use  of  energy  to  eliminate  pests 

from  stored  food  lias  been  used  experimentally. 

2.  Space  spray  consisting  of  approved  insecticides 

may  be  applied  by  using-!  .  

 dispersal  equipment. 

3.  The  pesticide  used  for  ULV  application  in  indoor 
space  treat  ment  is  , 

4.  Fumigation  with  -  

will  kill  all  stages  of  [he  pest  involved,  and  if 
proper  procedures  are  followed,  it  is  a  safe  and 
economical  method  of  eradication. 

5.  More  satisfactory  treatment  can  be  obtained  in 

  chambers  especially 

developed  for  fumigation  purposes. 

6.  Immediate  fumigation  of  infested 

materials  will  often  suffice,  but  infested 

materials  can  rarely  be  put  to  use  as  human  food, 

7.  Cereal  products  may  be    an 

  in  multiwall  sacks  to  prevent 

further  damage. 
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CHAPTER  2 
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Structural  Pests 


STRUCTURAL  pests;  arc  the  most  important  pests, 
from  an  economic  standpoint,  on  military 
installations  These  pest|  include  fungi,  termites;, 
powder  post  beetles,  carpenter  bees-,  and  carpenter 
ants.  You  must  be  very  familiar  with  ihese  pests 
because  it  is  your  responsibility  to  prevent  pest 
damage  to  all  base  facilities,  power  line  poles,  and 
telephone  poles.  Your  duties  include  conducting 
frequent  inspeciions  as  weJI  as  taking  preventive  and 
corrective  actions  <n  maintaining  structures  free  from 
structural  pests. 

This  chapter  will  provide  you  With  information 
pertaining  to  the  importance,  descriptions,  and 
general  characteristics  of  the  more  important 
structural  pests  arid  will  describe  the  preventive  and 
corrective  controls  that  you  can  use  to  maintain  base 
structures  free  from  destructive  fungi*  termites, 
powder  post  beetles,  carpenter  bees*  and  carpenter 
■ants, 

2-1.  Wood-Destroying  Fungi 

Wood  is  an  abundant,  versatile,  and  relatively 
inexpensive  materia].  However,  unprotected  wood 
and  wood  products  in  use  and  in  storage  are  subject  to 
the  destructive  effects  of  fire,  mechanical  damage- 
insects,  marine  borers,  moisture  and  weathering,  and 
decay  fungi.  Of  all  of  these,  decay  fungi  causes  the 
greatest  losses.  All  of  the  "dry  rot.1'  "wet  rot/1  and 
"natural  deterioration'"  of  wood  is  caused  by  Jiving 
decay  fungi  All  can  be  prevented  through  recognition 
of  the  characteristics  and  biology  of  fungi,  by  knowing 
the  conditions  that  are  conducive  to  fungi  growth,  and 
being  knowledgeable  of  ihe  methods  that  may  be 
implemented  in  the  control  of  fungi.  You  have 
probably  seen  wood-rotting  fungi  as  mycelial  mat*  in 
the  reproductive  stages,  as  mushrooms,  toadstools, 
and  bracket  fungi.  However,  by  the  time  these  surface 
growths  are  formed,  extensive  damage  has  been 
caused  by  the  microscopically  small  mycelial  threads 
I  hyphae)  which  have  penetrated  deep  within  the  wood. 
For  this  reason,  you  must  learn  to  recognize  signs  of 
early  attack  by  fungi,  and  to  differentiate  between  the 
fungus  damage  and  the  destructive  effects  of  moisture 
and  weathering. 

A 12,  Complete  given  statements  concerning  the 
classification,  characteristics,  and  reproduction  of 
fungi:  identify  other  statements  as  being  true  or  false. 


Recognition  and  Classification,  Fungi  belong  to 
the  division  Thallophyta  of  the  cryptogamic  plants. 
There  are  five  major  classes  of  Tungi,  One  of  these, 
class  Basidiomycetes,  contains  the  order 
Hymen omycetales.  which  is  composed  of  five  families, 
All  five  of  these  families  have  genera  containing  wood- 
destroying  species.  Some  2.000  species  of  wood- 
rotting  fungi  are  known,  of  which  200  to  300  are 
commonly  involved  in  wood  deterioration  on  a  serious 
scale. 

Because  laboratory  procedures  are  normally  required 
for  the  specific  identification  of  the  wood-rotting 
fungi,  it  is  fortunate  that  their  identification  by  genus 
and  species  is  not  required  to  prevent  the  destruction 
of  which  they  are  capable,  However,  these  fungi  are 
easily  organized  into  an  "artificial"  system  of 
classification  based  on  the  destruction  they  do.  This 
system  is  dependent  upon  the  metabolic  processes  of 
the  fungi,  upon  the  composition  of  the  materials  on 
which  or  within  which  they  grow,  and  upon  the  rates 
and  methods  of  growth.  By  the  use  of  this  system-,  all 
fungi  on  wood  in  storage  or  in  use  may  be  identified  as 
being  mold  fungi,  stain  fungi,  or  wood-rotting  fungi, 

Mold  fungi-  These  may  infect  wood  in  storage  or  in 
use.  Wood-inhabiting  fungi  require  both  moisture  and 
air  within  the  Wood  and  that  each  is  in  excess  of  20 
percent  of  the  dry  weight  of  the  wood.  The  mold  fungi 
in  wood  enzymazically  break  down  and  utilize  only 
such  materials  as  starches,  sugars-,  gums,  and  oils,  and 
have  no  direct  effect  upon  the  cellulose  and  lignin  The 
hyphae  of  most  molds  penetrate  the  wood  through 
existing  pores  and  pits,  and  usually  have  no  direct 
chemical  or  mechanical  effects  upon  the  cell  walls.  In 
removing  nonstructural  elements  of  the  wood,  molds 
often  reduce  any  natural  water  repellency  and  make 
the  wood  more  subject  to  wetting  and  to  decay.  Mold 
fungi  may  be  found  on  the  surface  of  wood  which  is 
being  attacked  at  depth  by  decay  fungi, 

Stain  fungt  Stains'  of  various  types  may  be 
produced  in  wood  by  some  of  the  deep  mold  fungi,  and 
will  range  from  nearly  black  through  shades  of  blues, 
browns,  reds,  and  yellows.  Of  all  the  wood  stains,  the 
blue  stain,  or  sap  stain,  is  probably  the  most  common 
and  is  the  most  serious.  In  the  wood  rays,  in  which  the 
food  substances  are  Concentrated,  the  causal  fungi  can 
seriously  damage  the  cell  walk  and  weaken  the  wood 
mechanically. 
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H  -*t*tl~ rotting  fungi.  These  normally  begin  on  the 
sunuvc  or  in  checks  or  other  openings,  laler 
penetrating  to  depth*  where  considerable  destruction 
can  result.  In  the  initial  or  incipient  stages,  the  hyphae 
spread  in  all  directions  through  the  wood.  Unlike  the 
hyphae  of  moid  fungi*  which  pass  from  cell  to  ceil 
through  naturally  existing  holes,  the  hyphae  of  rot  and 
decay  fungi  pass  through  "bore  holes"  which  form  ai 
the  cell  walls  at  points  of  contact  with  the  tips  of 
growing  hyphae.  During  the  incipient  stages  there  is 
no  apparent  dissolution  of  the  wood  other  than  at  the 
microscopically  small  bore  holes,  nor  are  there  visible 
changes  in  its  characteristics  other  than  the  slight 
discoloration*  caused'  by  some  species,  These 
discolorations  may  be  easily  overlooked*  or  may  be 
mistaken  for  the  color  changes  caused  by  mold  fungi, 
chemical  staining,  or  weathering  As  decay  progresses 
beyond  the  incipient  stages,  the  appearance  of  the 
wood  may  be  altered  more  and  more  perceptibly.  In 
the  advanced  stages  of  decay*  the  wood  may  become 
punky.  spongy*  stringy*  ring  snaked,  pitted,  or 
crumbly,  depending  on  the  species  of  wood  and  of 
fungus,  and  upon  the  extent  of  fungal  development. 
The  wood-rotting  or  decay  fungi  are  usually  thought 
of  as  belonging  to  three  major  groups:  the  white  rots* 
the  brown  rots,  and  the  water-conducting  fungi, 

a.  White  rots  of  wood  and  wood  products  are 
caused  by  those  fungi  that  are  enzvmatically  capable 
of  attacking  the  Jigno-cellulose  complex  of  the  cell 
walls  and  degrading  the  lignified  material.  Because  of 
the  flight  color  changes  usually  involvedi  the  white 
rots  may  at  times  be  difficult  to  see.  Some  have  dark 
brown  dV  black  zone  Lines  at  the  areas  of  incipient 
decay  which  may  be  the  only  visual  evidence  of  white* 
rot  damage.  > 

h  Brown  rota  of  wood  are  caused  by  those  decay 
fungi  that  can  attack  the  ligno-cellulose  complex,  but 
which  are  incapable  of  degrading  the  lignin.  The 
brown-rot  fungi  destroy  the  cellulose,  but  leave  the 
ligntrt  and  some  other  materials  as  a  brownish  residue, 
which,  whjjn  dry*  may  be  easily  crumbled  into  a 
powder.  Not  infrequently  the  brown  residue  is  found 
in  a  dry  rather  ihan  a  moist  condition,  a  situation 
which  has  led  to  the  widely  used,  though 
inappropriate,  term  "dry  rot."  It  should  be 
remembered  that  the  rotting  of  wood  requires  the 
activity  of  wood-rotting  fungi  and  that  these  living 
organisms  require  for  their  development  a  moisture 
content  of  greater  than  20  percent,  After  a  period  of 
initial  growth,  many  of  the  brown-rotting  fungi  can 
develop  structures  highly  resistant  to  desiccation. 
Some  survive  for  several  years  in  air-dry  wood  and 
severely  damage  wooden  structures  that  are  only 
intermittently  exposed  to  moisture.  For  this  reason* 
the  use  of  infected  wood  for  the  construction  or  repair 
of  buildings  can  be  harmful  or  even  dangerous. 

c*.  WaieT-conducting  fungi  are  brown-rot  fungi  thai 
can  conduct  water  from  a  single  source  to  otherwise 
dry  structural  wood,  The  two  most  important  water- 
conducting  fungi  are  Xferuiius  lavrvmatis  and  Pttria 
invftisiata.  Afcrttiius  lavf\man%  is  the  mc^i  common 


building  decay  fungus  in  northern  Europe,  and  is 
occasionally  found  in  the  northern  United  States. 
Poria  in  eras  sat  a*  commonly  called  building  poria  is 
more  tolerant  of  elevated  temperatures,  and  is 
consequently  the  more  common  of  the  two  important! 
water-conducting  fungi  in  the  United  States.  The 
initial  growth  may  take  place  in  cellulose  material  in 
most  soil  beneath  structures.  The  ability  of  the 
building  poria  to  extend  its  growth  over  the  surface  of 
inorganic  materials  permits  it  to  bridge  foundation 
walls  and  to  reach  the  wood  above  them.  Its  tendency 
to  first  attack  unexposed  surfaces  and  its  ability  to 
conduct  moisture  to  heights  of  more  than  20  feet  are 
responsible  for  the  extent  of  the  damage  that  may  be 
done  before  any  destruction  is  readily  evident. 

Life  gnd  History  of  Destructive  Fungi,  Vou  should 
not  forget  that  fungi  are  living  organisms.  They  are 
plants  that  have  lost  their  ability  to  utilize  sunlight  for 
the  production  of  their  foods. 

Spore  distribution.  Fungi  do  not  produce  true 
seeds  containing  many-celled  embryonic  plants;  they 
produce  single-celled  spores  from  which  new 
individual  plants  develop.  Most  fungus  spores  are  of 
microscopic  size*  lightweight*  resistant  to  extreme 
conditions  of  temperature  and  humidity,  and  readily 
dispersed  by  wind  and  water.  Fungus  spores  and  even 
the  fungus  hyphae  are  easily  carried  from  the  ground 
and  from  infested  wood  to  sound  wood  by  wood- 
inhabiting  insects. 

Germination  and  growth.  When  th*  correct 
environmental  conditions  of  humidity  and 
temperature  exist,  a  fungus  spore  germinates  with  ihe 
development  of  a  hyphal  tube  or  filament.  If  only 
water  and  inorganic  materials  are  present*  the  growth 
will  stop  after  the  organic  materials  concentrated  in 
the  spore  have  been  used  up.  The  presence  of  the 
correct  nutrients,  such  as  the  cellulose  in  wood, 
permits  the  further  growth  and  branching  of  the 
hyphae  and  the  formation  of  the  mycelial  thaifus  and 
tlic  spore-bearing  structures,  such  as  bracket  fungi, 
toadstoods.  mushrooms,  and  puffballs; 

Physiology  and  metabolism.  The  physiology  of  the 
fungi  differs  from  the  physiology  of  green  plants  in 
that  fungi,  lacking  chlorophyll  are  incapable  of 
synthesizing  organic  nutrients  from  dissolved 
inorganic  materials.  In  the  parasitic  fungi,  the 
mycelium  penetrates  living  cells  or  the  spaces  between 
them  and  absorbs  the  intracellular  or  intercellular 
fluids  of  the  host  organisms.  Most  saprophytic  fungi, 
such  as  those  that  decay  wood,  secrete  substances  that 
dissolve  some  or  all  of  the  solid  organic  materials  on 
which  the  fungi  are  growing,  All  or  some  of  these 
dissolved  or  "digested"  materials  are  thenabsorbed  by 
[he  hyphae  and  used  for  growth  and  development. 
Most  of  the  wood-rotting  fungi  produce  an  acid 
reaction  in  various  types  of  culture  media;  pH  values 
as  lew  as  2  y  are  not  uncommon,  In  the  failure  of 
structural  concrete  at  points  of  contact  with  rotting 
wood,  the  effect  of  fungus -produced  acids  should  be 
considered.  Other  metabolic  products  are  also  formed, 
and  with  the  acids,  destroy  wood  and  other  materials. 
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To  a  lesser  extent*  the  purely  physical  effects  of  fungal 
growth  may  also  destroy  useful  materials-  MiJdewand 
mold  fungi  are  found  on  a  great  variety  of  boih  living 
and  dead  organic  materials. 


6, 


Exercises  (All): 
I.    Place  the  letter 


P  before  each  true  statement- 


  a,   One  of  the  classes  of  fungi  is  Basidiomycetefc, 

  h.  Wood-inhabiting  fungi  require  both  moisture 

and  air  within  the  wood  and  Chat  each  is  in 
excess  of  40  percent  of  the  dry  weight  of  the 

Hood, 

  c.    In  removing  nonstructural  elements  of  wood. 

molds    often   reduce   any   natural  water 

repelling  and  make  the  wood  more  subject  10 

welling  and  decay, 
  d.    Mold  fungi  may  be  found  on  the  surface 

ai  the  wood  which  is  being  attacked  at  depth 

rn  decay  fungi, 
c,    Of  all  the  wood  Mains,  the  blue  stain,  or  sap 

stain,  is  probably  the  most  common  and  ihe 

kasi  serious, 

  I,    The  ability  of  the  building  poria  to  extend  its 

growth  over  the  surface  of  inorganic  materials 
permits  it  to  bridge  foundation  walls  and  to 
reach  lhe  wood  above  it. 

_„  g.  Fungi  produce  true  seeds  containing  many- 
celled  embryonic  plants, 

  h    The  physiology  of  the  fungi  differs  from  the 

physiology  or  green  plants  In  that  lungi, 
lacking  chlorophyll,  are  incapable  of  synthe- 
sizing organic  nutrients  from  inorganic 
materials. 

  l    Most  of  the  wood-roiting  fungi  produce  an 

alkaline  reaction  in  various  types  of  cuJturai 
med  ia. 

i-  Mildew  and  mold  fungi  are  found  on  a  great 
variety  of  boih  limine  and  dead  organic 
maierials. 

2     C nrrcei  am'  false  siatemenn. 


B>  using  the  artificial  system  of  classification,  all 
lungi  un  wood  in  storage  or  in  use  may  be 
identified  as  being  fungi  _ 


fungi,  or 


fungi. 


Mtild  fungi  in  wo^d  en/vmalically  break  down 

And  utilize  only  such  materials  as  1 

 and  ., 


and  have  no  direei  effect  upon  

and  . 

Stains  of  various  types  may  be  produced  in  wood 
by  some  of  the  deep  mold  fungi  and  will  range 

from  neark  through  shades 

of   ,  :  

and  


The  wood-rotting  or  decay  fungi  are  usually 
thought  of  as  belonging  to  three  major  groups: 
the  i  the  . 


and  the 


.  fungL 


White  rots  of  wood  and  wood  products  are  caused 
by  those  fungi  which  are  enzymattcally  capable  of 

attacking  the  complex  of  tbe 

cell  walls  and  degrading  the  

material. 


Brown  rots  of  wood  are  caused  by  those  decay 

fungi  which  can  attack  the  

complex,  but  are  incapable  of  degrading  the 


°^    The  brown  rot  fungi  destroy  tbe  

but  leave  the  and  some  other 


materials  as  a 


residue,  which. 


when  dry,  may  be  easily  crumbled  into  a  powder. 


10,  Water-conducting  fungi  are 


fungi 


which  are  able  to  conduct  water  from  a  sing3e 
source  to  otherwise  dry  structural  wood. 


M.  When  ihe  correct  environmental  condition  of 

  and    exist,  a 

fungus  spore  will  germinate  with  t  redevelopment 
of  a  hyphal  or  


\2,  Most  saprophytic  fungi,  such  as  those  which 
decay  wood,  substances  which 


some  or  all  of  the  solid  organic 


materials  on  which  the  fungi  are  growing. 


A13,  Identify  as  true  or  fafee  given  statements 
concerning  the  measures  that  you  can  use  to  control 
wood-destroying  fungi* 

Wood-destroying  fungi  can  be  controlled  effectively 
through  ( I)  frequent  inspections  lo detect  the  presence 
of  fungi  or  conditions  that  are  conducive  to  fungi 
growth,  (2)  initiating  preventive  measures  to  deter 
fungi  growth,  and  (3)  implementing  corrective  acrions 
to  eliminate  fungi  growth. 

Inspection.  The  wood  in  the  buildings  at  military 
activities  should  be  inspected  at  least  annually,  and 
semiannually    when    possible    or    warranted,  to 
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determine  the  presence  and  extent  of  insect  and  fungus 
infestations  and  the  type  of  control  required.  This 
inspection  is  often  made  in  conjunction  with  the 
inspection  for  termite  attack.  Particular  attention 
should  be  given  to  locations  where  the  occasional 
presence  of  moisture  from  condensation  or 
precipitation  permit  the  growth  of  wood-rotting  fungi. 
Crawl  spaces  under  basementless  buildings  permit 
access  for  the  inspection  of  structural  timbers  below 
the  floor  level.  Wood  in  contact  with  masonry  or  metal 
subject  to  moisture  condensation  presents  special 
hazards.  Window  and  door  frames  and  porch  columns 
and  railings  should  be  given  special  attention,  as  heavy 
coatings  of  paint  may  hide  conditions  of  rot.  The  use 
of  a  sharp  pointed  probe  is  advised  in  making  these 
inspections.  When  inspecting  wood  in  use,  you  should 
not  neglect  the  pallets  used  in  the  storing  of  supply' 
items. 

Preventive  Control.  Preventive  control  of  wood- 
destroying  fungi  can  be  divided  into  two  categories 
from  the  standpoint  of  pest  control  personnel  at  base 
level;  wood  in  storage  and  wood  in  use. 

Protection  of  wood  in  storage.  Lumber  in  storage 
can  be  protected  from  fungus  damage  and  the 
destructive  effects  of  moisture  changesthrough  proper 
storage  management  and  dip-treating  untreated 
Lumber, 

Lumber  should  be  stored  off  the  ground  or  flooring 
and  under  a  protective  overhead  shelter.  It  should  be 
stacked  with  a  slight  space  between  each  board  and 
elevated  slightly  at  one  end  to  allow  ventilation  and 
water  runoff.  These  storage  methods  are  discussed  in 
considerable  detail  in  AFM  67-3,  Storage  and 
Materials  Handling. 

A  quick  dip  treatment  of  stored  lumber  with  water- 
re  pel  lam  pentachlorophenol  will  provide  protection 
during  a  long  storage  life  where  the  wood  must  be 
exposed  to  the  weal  her.  Before  it  is  clip  treated*  the 
lumber  should  be  stickered  and  baled  ready  for 
storage*  and  it  should  be  dried  to  a  moisture  content  of 
no  more  than  20  percent. 

Protection  of  wood  in  use.  Structural  wood  in  use 
often  requires  protection  from  destructive  fungi.  The 
theories  Involved  and  used  in  planning  control  are 
based  upon  the  growth  requirements  and  physiology 
of  the  fungi,  and  are  thus  Like  those  involved  in  the 
protection  of  lumber  in  storage.  The  actual  practices 
employed  to  prevent  decay*  however,  are  different. 
Preventive  control  is  based  upon  the  use  of 
preservatives  and  upon  the  control  of  moisture  due  to 
condensation,  to  the  puddling  of  rain  water,  and  to 
capillarity  or  seepage.  Preventive  control  should  begin 
with  the  planning  and  design  of  a  given  structure, 
Since  our  buildings  now  exist*  it  is  too  Late  to  change 
the  Original  designs.  However,  it  is  not  too  late  to  make 
some  of  the  structural  modifications  needed  to 
prolong  the  useful  life  of  our  buildings,  This  is 
particularly  true  when  repair  work  is  required  as  the 
result  of  the  destructive  actions  of  fungi.  When  it  is 
noted  that  a  particular  design  feature  existing  in 
several  building  has  been  in  pan  responsible  for 


fungus  damage,  consideration  should  be  given  to 
minor  modifications  of  the  others  before  expensive 
repairs  are  required.  Proper  design  begins  at  or  below 
the  ground  level  and  provides  for  drainage  away  from 
the  structure.  At  some  activities,  there  are  buildings 
under  which  rain  water  collects.  This  situation  must  bej 
corrected  if  the  buildings  are  to  be  saved.  Even  with* 
adequate  drainage,  condensation  on  the  sills,  joists,  j 
and  subflooring  of  basementless  buildings  may  be  so' 
severe  as  to  result  in  rapid  deterioration. 

<r.  Ventilation.  It  is  important  to  maintain 
ventilation  of  the  crawl  spaces  under  basementless 
buildings  (and  in  those  with  incomplete  basements). 
The  following  formula  for  ventilation  will  normally  be 
adequate  if  there  are  no  pockets  of  stationary  air 
permitted  in  comers  or  behind  interior  foundation 
walls.  This  formula  is  called  the  2'  plus  1/j  formula.  It 
requires  that  the  crawl  space  vent  opening  have  a  net 
unobstructed  area  equal  to  2  square  feet  for  each  I0O 
Lineal  feet  of  outside  wall  plus  1/3  square  foot  for  each 
100  square  feet  of  crawl  space  area.  Obstructions 
require  larger  openings.  If  the  vents  are  covered  with 
louvers  or  1/  16-inch  mesh  insect  screen*  the  size  should 
be  doubled.  If  they  are  covered  with  both;  the  size 
should  be  tripled.  If  the  gross  area  is  partially  covered 
by  bars,  grills,  or  grids,  it  should  be  adjusted  to  permit 
an  adequate  net  area*  The  practice,  employed  at  some 
activities,  of  entirely  closing  the  vents  during  cold 
weather  will  lower  the  fuel  bill,  but  will  increase  the 
maintenance  costs  and  shorten  the  useful  life  of  our 
structures. 

b.  Ground  cover.  In  areas  where  the  expense  of 
comfortably  heating  occupied  buildings  provided  with 
adequate  ventilation  of  the  crawl  spaces  seems 
prohibitive,  the  employment  of  another  condensation- 
prevention  technique  may  be  desirable.  A  method 
which  has  proven  successful  involves  the  use  of  a  soil 
cover.  Asphalt  roll  roofing  of  the  grade  that  weighs  55 
pounds  per  roll  of  tOS  square  feet  has  proven 
satisfactory.  No  lapping,  fastening,  cementing,  or 
preliminary  careful-leveling  is  required.  Plastic  films 
are  also  effective.  They  are  easier  to  handle,  but 
require  weighting  at  the  corners. 

c.  Protection  from  water.  Most  cases  of  serious 
decay  in  siding  and  exterior  trim  are  found  on 
buildings  having  little  or  no  roof  overhang  or  with 
faulty  eaves,  gutters*  or  downspouts.  Excessive 
amounts  of  water  run  down  the  sides  and  seep  into 
joints,  particularly  butted  joints  between  siding  pieces 
and  between  siding  and  trim.  It  is  nearly  impossible  to 
maintain  joints  sufficiently  tight  to  exclude  seepage 
water  during  severe  rain  washings.  Paint  cannot  be 
depended  upon  to  seal  joints.  In  many  areas,  the  siding 
and  trim  containing  appreciable  amounts  of  sapwood 
require  protection  by  the  following:  ( I )  good 
projection  of  eaves  and  rake  of  gables  to  prevent  all 
but  occasional  rain  washing;  (2)  tight  joints  plus  well 
maintained  paint  films  to  minimize  rain  seepage 
during  occasional  wettings:  (3)  lightweight,  vapor- 
permeable  (breathing)  building  papers  under  siding  to 
hasten  the  drying  of  any  seepage  water;  (4)  good 
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flashing  of  exposed  doors*  windows  or  other  openings* 
and  any  horizontal  projections;  and  f5)  the  use  of 
eaves,  gutters*  and  downspouts.  When  rain  washing 
cannot  be  prevented*  preservatives  should  be  used, 

d  Building  appendages,  Wooden  porches  and 
exterior  steps*  even  when  of  the  best  design  and 
construction,  are  decay  hazards*  and  any  feature 
promoting  seepage  will  greatly  hasten  decay.  Step  and 
stoop  rails*  if  protected  by  well-maintained  painted 
surfaces,  exhibit  marked  differences  in  susceptibility 
to  decay,  depending  on  the  type  of  construction. 
Considerable  protection  is  afforded  by  extending  the 
rail  over  the  top  of  the  newel  rather  than  abutting  the 
end  of  the  rail  to  the  side  of  the  post.  Any  rail  splice 
occurring  over  a  post  will  greatly  increase  the  decay 
hazard.  These  design  features  should  be  considered 
during  inspections  and  when  replacement  is  required. 
The  common  practice  of  placing  trim  over  the  ends  of 
drop  siding  normally  creates  no  decay  hazard,  but 
instead  allows  less  water  seepage  than  the  common 
butt  joints  of  siding  to  trim.  With  bevel  siding*  the 
placement  of  rrim  over  the  aiding  ends  (ends  to  reduce 
wetiing,  but  not  Co  any  great  degree.  The  bevel  results 
in  a  long  vertical  opening  and  allows  easy  water  flow 
back  under  the  aiding.  With  beve*  siding,  metal  corners 
are  the  only  structural  means  of  reducing  water 
seepage;  all  other  types  of- corner  joints  leak  badly. 

Wood  preservatives.  Because  there  are  no  design 
modifications  thai  can  prevent  alt  decay  if  roof 
overhang  and  vennlation  are  insufficient*  the  use  of 
preservatives  is  advised^  When  badly  rotted  wood  is 
found,  it  should,  of  course,  be  replaced.  In  all  case*. 
preservaii\es  should  be  used,  and  in  some  cases, 
preservation  to  depth  must  be  employed.  Because  of 
the  seepage  factors  invoUed  and  the  probable 
incipitur  rot  in  the  wood  adjacent  to  ihai  replaced,  the 
wie  <il  \urface  preservation  is  advised.  After  a  rotted 
piece  of  wood  is  removed,  and  before  it  k  replaced, 
other  structural  tvoodsctU  in  pJace  in  the  area  of  decay 
should  be  saturated  as  thoroughly  as  possible  by 
bru\hing  or  spraying  on  a  water  repellent  5  percent 
pentachlotophenoi  solution  in  mineral  spirits.  Three 
or  more  brushings  may  be  required.  To  permit 
penetration  of  all  treatments  after  the  first,  apply  them 
before  the  solvent  has  dried  and  the  water-repellent 
material  has  sealed  the  wood  against  further 
absorption.  Building  sidings  that  require  painting  may 
be  easily  treated  with  a  preservative  before  the  paint  is 
applied,  the  water-repellent  material  in  the 
preservatKe  aenng  as  a  prepaini  wood  primer 
Brushing  on  of  all  the  preservative  that  can  be 
ahsorbed  in  window  frame  and  sash  is  advised  in  all 
eases  before  renewing  Ihe  pajnl.  Power  sprayer* 
proMde  a  ready  means  of  treating  susceptible  areas 
under  basementless  buildings.  The  heavy  application 
of  a  ivater  repel  tent  5  perceni  penrachlorophenof 
solution  can  make  the  structural  timbers,  even  at  their 
joints,  almost  completely  impervious  to  water  and, 
therefore,  safe  from  the  destructive  effects  of  decay 
fungi.  In  the  preservative  treatment  of  structural  wood 
in  place,  pa>  particular  attention  to  all  joints  and  to 
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wood  in  contact  with  concrete,  brick*  metal*  stone*  and 
other  surfaces  on  which  moisture  tends  to  condense 
even  more  readily  than  on  wood.  The  application  of , 
preservatives  to  wood  in  place  will  be  most  effective^ 
when  the  wood  is  dry;  it  is  a  job  which  should  be* 
whenever  possible*  saved  for  dry  weather.  Preservative 
emulsions  and  greases  are  suitable  for  use  in  many 
locations,  but  they  may  affect  the  payability  of 
wooden  siding  and  trim. 

Corrective  Control.  Corrective  control  of  wood- 
desttoying  fungi  can  also  be  divided  into  two 
categories;  ptotection  of  wood  in  storage  and  of  wood 
in  qse, 

Protection  of  wood  in  storage.  Wood  found  to  be 
fungus  infested  in  storage  should  be  removed  from 
clean  lumber*  and  should  be  handled  as  explained  in 
the  paragraphs  discussing  preventive  treatment.  It 
should  in  no  case  be  allowed  to  remain  untreated  in  a 
lumber  yard. 

Protection  of  wood  in  use.  Seriously  rotted  wood 
can  only  weaken  the  structure  of  which  it  is  part;  it 
should  be  replaced.  Lightly  damaged  wood  may  be  at 
least  partially  protected  by  the  use  of  preservatives  as 
discussed  in  preceding  paragraphs.  Attempts  to 
pressure-treat  wood  in  place  by  applying  fungicides  or 
insecticides  under  pressure  to  drilled  holes  will 
consistently  produce  poor  results.  Deep  penetration 
can,  however,  be  obtained  by  ihe  surface  application 
of  grease  or  emulsion  formulations.  In  the  control  of 
water-conducting  fungi,  give  special  attention  to  the 
moisture  source.  The  use  of  water-soluble  fungicides 
may  be  advisable  at  such  points.  Though  it  may  be 
desirable  in  some  cases,  it  will  rarely  be  necessary  10 
use  wood  preservatives  at  the  points  to  which  these 
specialized  fungi  have  conducted  moisture,  provided 
the  rhizomorphs  are  completely  destroyed  and  their 
lower  portion  poisoned  with  fungicides. 

Exercises  (A  13): 

L    place  the  letter  *T"  before  the  true  statements. 

 a.   Wooden    buildings  at    military  activities 

should  be  inspected  at  hast  annually,  and 
semiannually  when  possible  or  warranted*  in 
order  to  determine  the  presence  and  extent 
of  insect  and  fungus  infestation  and  the  type 
of  control  needed. 

  b.   Lumber  should  be  stored  off  the  ground  or 

flooring  and  under  a  protective  overhead 
shelter 

  c.    A  quick  dip  treatment  of  stored  lumber  with 

water-repellent  pent achloro phenol  will 
provide  protection  during  a  long  storage  life 
where  the  wood  must  be  exposed  to  the 
weather 

  d.   Preventive  control  is  based  upon  the  use  of 

preservatives  and  upon  the  control  of 
moisture. 


e.  The  dosing  of  vents  under  basementless 
buildings  in  cold  weather  will  lower  the  fuel 
bill,  decrease  the  -  maintenance  cost,  and 
extend    the    useful    life    of  structures. 

f.  A  condensation-prevention  technique  used 
under  buildings  makes  use  of  a  soil  cover  if 
adequate  ventilation  cannot  be  provided. 

g.  Most  serious  decay  in  sidingand  exterior  trim 
is  found  in  buildings  having  little  or  no  roof 
overhang  or  faulty  eaves,  gutters,  or 
downspouts. 

h.  Wood  porches  and  exterior  steps  are  decay 
hazards. 

i  AS  percent  pentachlorophenol  solution  in 
mineral  spirits  may  be  used  as  a  wood 
preservative. 

j.  Preservative  emulsions  and  greases  are 
suitable  for   use  as   wood  preservatives. 

Correct  all  false  statements. 


storage  areas,  they  will  seriously  damage  such  stored 
items  as  nylon  parachutes  and  woolen  clothing.  On 
their  bodies,  they  carry  fungus  spores  from  the  soil  and 
thus  contribute  to  structural  decay. 
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Exercises  (A14):  ^**» 
I-    How  do  termites  rank  among  the  destructive 
insect  pests  at  military  activities? 


2.    What  types  of  substances  do  termites  eat? 


3.    In  what  way  are  termites  beneficial? 


4.    How  severely  can  termites  damage  buildings? 


2-2,  Termites 

In  your  j,ob,  you  will  more  than  likely  be  spending  a  lot 
of  time  on  the  job  inspecting  base  facilities  for  termites 
and  then  controlling  them.  It  is  a  -part  of  your 
responsibility  lo  prevent  damage  that  may  be  caused 
by  termites  whenever  possible  as  well  as  to  detect  early 
infestations  and  take  the  necessary  action. 

It  is  for  these  reasons  that  this  section  provides  you 
with  information  pertaining  to  the  importance,  types, 
general  characteristics,  caste  systems,  colony 
develop  menu  and  requirements  of  termites. 

AM,  State  the  beneficial  and  damaging  traits  of 
termites. 

Importance  or  Termites.  Termites  are  the  most 
destructive  insect  pests  at  military  activities,  They  may 
so  severely  damage  a  building  as  to  be  responsible  for 
its  condemnation,  They  eat  wood  and  other  cellulose 
products,  such  as  paper,  Cardboard*  and  fiberboard. 
and  will  destroy  structural  timbers,  pallets,  crates, 
boxes,  lool  handles,  furniture,  books,  and  other  wood 
products.  Also,  in  their  search  for  food,  they  will 
damage  many  materials  that  they  don-t  normally  eat. 
In  tunneling  through  the  ground,  subterranean 
termites  will  penetrate  lead-covered  and  plastic- 
covered  elecirical  cable,  and  thus  will  cause  shorting 
out  of  electrical  systems. 

Although  termites  are  very  destructive,  they  are  an 
important  part  of  ecology  in  that  they  help  microbial 
organisms  hreak  down  wood  and  other  cellulose 
materials  into  humus. 

Termites  may  live  for  years  in  buried  tree  stumps  or 
form  lumber  beneath  concrete  butJdings.  and  then 
penetrating  hairline  cracks  in  floors  and  walk  as  well 
as  expansion  joints  suddenly  erupt  in  search  of  edible 
material*;  such  as  maybe  found  in  interior  door  frames 
and  rarely  moved  furniture,  such  as  file  cabinets  and 
bookcases.  In  attaching  packaging  and  craung  in 


5.    In  what  way  do  termites  contribute  to  structural 
decay? 


A15.  Identify  given  statements  pertaining  to  the  types 
of  termites  as  true  or  false.  * 

Types  of  Termites.  There  are  many  species  of 
termites  in  the  world.  For  practical  purposes,  those  in 
the  United  States  are  commonly  divided  into  two 
major  groups:  subterranean  and  nonsubterranean. 
Termites  receive  their  common  names  from  the 
location  of  their  colonies  or  nests  and  from  their 
feeding  habits,  Subterranean  XtrmhttfReiienlitermes) 
often  work  in  wood  above  ground,  but  miist  navc 
direct  communication  by  means  of  their  tunnels  with 
the  underground  colony. 

The  nonsubterranean  termites  (Kaioiermes) 
colonize  above  ground,  Although  they  have  the 
common  habit  of  feeding  on  the  cellulose  usually 
derived  from  wood  or  wood  products,  their  life  cycles 
and  methods  of  attack,  and  consequently  their 
methods  ofcontroLarequitedifferent.  Depending  on 
these  factors,  the  nonsubterranean  termites  may  be  of 
the  powdcrpost.  dry-wood,  damp-wood*  or  rotten- 
wood  varieties. 

Exercises  (A  15): 

Indicate  whether  the  statements  below  are  true  (T}  or 
false  (F). 

  1.   The    common    names    for    termites  are 

determined  solely  from  the  Location  of  their 
colonies, 

  2.   Although  subterranean  termites  often  work 

in  wood  above  ground*  they  must  have 
channels    to    the    underground  colony. 

  3.    Nonsubterranean  termites  often  work  in 

wood    below    the   ground  surface, 
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The  major  group  of  termites  that  Is  subdi- 
vided into  dry-wood,  damp-wood,  or  rotten- 
wood  varieties  is  the  subterranean  group. 


A 16,  Discriminate  between  the  features  of  termites 
and  ants. 

General  Description  of  Termites.  Termites  are 
commonly  but  erroneously  called  white  ants. 
However,  not  ail  species  and  castes  of  termites  are 
white,  and  no  termite  is  a  true  ant.  Termites  are  about 
ant  size.  You  can  tell  the  flying  reproductive*  from 
ants  by  two  distinguishing  characteristics:  the  wings 
and  the  body  shape.  The  termite  has  four  wings  of 
approximately  equal  length  and  about  twice  as  long  as 
ihe  body.  The  ant's  wings  are  only  a  little  Jonger  than 
the  body,  and  the  second  pair  is  muchshorterthanthe 
first.  The  ant  is  typically  wasp  waisted,  having  the 
abdomen  connected  tod  the  thorax  by  a  thin  petiole, 
while  the  "sJah-sided"  termite  is  not  pinched  in  at  the 
waist. 

Exercises  MJ6); 

1.  The  flying  reproductive  termites  can  be  readily 

distinguished  from  ants  by  the  

and  the   . 

2.  The  first  and  second  pairs  of  wings  of  termites  are 

 in  length; 

whereas  t  he  first  pair  of  ^ingscpf  ants  are  

than  the  second  pair 

3.  The  body  of  an  ant  is  typically 


waisted.  while  the  bodv  of  the  termite  is  * 


4.    Termites  are  often  erroneously  referred  to  as 


A17.  Given  statements  that  pertain  to  termite  caste 
systems,  colony  development,  and  life  requirements, 
identify  the  type  of  termite  to  which  each  statement 
applies. 


emergence   of  the   sexually   mature,  winged 
reproductives.  After  the  emergence  and  the  pairingof 
male  and  female  reproductives,  the  swarm  is  rapidly  y 
dissipated  as  individual  pairs  leave  to  establish  new  / 
colonics.  The  dry-wood  termites  will  normally  seek  the  J 
shelter  of  cracks  and  crevices  in  sound,  dry  wood 
above  the  ground  when  establishing  new  colonies. The 
subterranean  termites  establish  their  new  colonies  in 
the  soil  near  wood. 

In  area  of  temperate  climate,  a  colony  develops 
slowiy.  A  relatively  new  colony  of  dry-woodt  termites 
consists  of  only  the  original  reproductives  and  no 
more  than  six  nymphs.  At  the  end  of  2  years,  the  young 
colony  may  consist  of  the  original  reproductives,  1 
soldier,  and  12  or  more  nymphs.  Old  colonies  have 
fewer  than  3,000  individuals,  and  winged 
reproductives  capable  of  establishing  new  colonies  are 
never  found  in  colonies  Jess  than  4  years  old.  No 
worker  caste  is  found  in  Kalotermes  colonies. 

Subterranean.  These  termites  have  four 
castes:  I  he  workers,  s  oldie rs,  secondary 
reproductives,  and  the  primary  reproductives. 

The  workers  (fig.  2-1}  are  responsible  for  many 
functions  of  the  colony.  They  feed  and  care  for  the 
other  members  of  the  colony  who  are  not  capable  of 
feeding  themselves.  Workers  attack  the  wood  and 
digest  the  cellulose  by  means  of  the  protozoan  that  is 
contained  in  their  stomachs.  The  workers  are  the  first 
eggs  hatched  in  a  colony;  therefore,  they  are 
responsible  for  increasing  the  size  of  the  colony,  And  as 
the  workers  gmw  in  the  colony,  the  colony  itself 
grows.  The  workers  care  for,  feed,  and  gro3m  the 
queen,  the  eggs,  and  the  soldiers. 

The  only  function  of  the  soldiers  is  to  protect  the 
colony.  Their  head  and  thorax  are  modified  for  the 
protection  of  the  colony  (fig.  2-1).  Their  main  concern 
is  the  ant,  a  vicious  natural  predator. 

The  secondary  reproductives  are  wingless  £fig.  2-1) 
and  are  the  most  important  source  of  eggs  for  the 
colony.  They  may  get  a  group  of  males  and  workers 
together  and  set  about  building  another  colony  close 
to  the  original  without  any  above-the-ground 
warning. 


Colony  Development  and  Caste  Systems, 
Although  both  major  divisions  of  termites  have  a  caste 
system  to  some  extent,  the  subterranean  group  is  most 
common  and  is  aJso  the  most  complex. 

.V onsuhterranvan.  Since  dry-wood  termites 
i kalotermes)  are  ihe  most  common  group  of  the 
nonsubterranean  termites  within  the  United  States, 
the  nonsubterranean  group  will  be  discussed  as  dry- 
wood  termites  throughout  the  remaining  portions  of 
this  te?^ 

Colony  development  follows  definite,  prediciable 
patterns  tor  various  species  in  various  climatic  areas. 
The  presence  of  termites  is  most  often  noticed  by 
budding   occupants    during  or  shortly  after  an 
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The  primary  reproductive*  are  the  winged  s warmers 
(fig,  2-1),  These  adults  have  dark  pigmentation  and 
two  pairs  of  equal  length  wings.  Males  and  females 
pair  off  in  the  swarm  and  then  attempt  to  establish  a 
cell  where  mating  occurs.  When  the  eggs  hatch,  the 
new  colony  has  its  start, 

A  relatively  new  colony  of  subterranean  termites 
will  normally  consist  of  the  original  pair  of 
reproductive*,  a  few  dwarf  workers,  and  one  dwari: 
soldier.  During  the  second  year,  the  youn|; 
reproductive  may  be  found,  A  full  2  years  is  required 
for  the  complete  development  of  the  reproductive*.  In 
older  colonies*  supplementary  reproductives  may 
assist  in  colony  development,  and  thousands  of  eggs 
and  a  quarter  of  a  million  termites  may  be  found.  In 
the  colonies  of  subterranean  termites,  the  worker  caste 
predominates.  The  workers  are  small,  cream  colored, 
soft  bodied*  and  sexless.  The  soldiers  have  large  heads 
with  specialized  mouth  parts  and  are  normally 
incapable  of  feeding  themselves.  The  nymphs  are 
immature  termites*  often  immature  reproductives, 
They  may  be  observed  to  have  "wing  pads"  which* 
upon  the  maturity*  develop. into  wings. 

During  periods  of  favorable  wither*  mature 
colonies  may  produce  new  swarms  of  dark-bodied, 
winged  reproductives.  The  time  of  emergence  will 
depend  upon  geographic  area,  climatic  conditions,  the 
species  of  termite  involved*  and  other  factors  such  as 
the  heating  of  the  building  infested.  In  temperate 
areas*  the  emergence  of  termites  may  be  expected  in 
the  spring*  and  depending  on  species?  also  at  odd  times 
during  the  summer  and  fall.  If  the  emergence  occurs 
within  a  building*  the  flying  termites  may  constitute  a 
considerable  nuisance.  As  the  reproductives  may  be 
emerging  as  rapidly  as  the  limiting  size  ofthe  openings 
permit,  the  existence  of  residual  insecticides  in  the  area 
or  the  use  of  contact  insecticides  as  sprays  or  mists  will 
be  of  little  value.  Injecting  contact  insecticides  into  the 
emergence  openings  can  provide  a  measure  of  relief, 
but  if  nothing  is  done*  the  emergence  will  last  for  only  a 
few  hours, 

Termite  Life  Requirements,  Termites  have 
specialized  food  requirements  which  make  them 
destructive,  moisture  requirements  which  make  them 
vulnerable  to  control  by  soil  poisoning,  and 
requirements  for  protection  which  can  make  their 
early  detection  difficult. 

Food.  Termites  characteristically  live  on  wood  and 
other  cellulose  materials.  Depending  on  the  type  of 
termite  involved*  the  wood  may  or  may  not  serve  as  the 
nesting  site,  but  it  always  serves  as  a  source  of  food* 
The  food  that  the  termites  ingest  in  small  pieces  is  not 
digested  directly  by  the  termites,  but  by 
microscopically  small  protozoa  living  within  the 
termites'  digestive  tract.  The  termites  utilize  the 
byproducts  ofthe  pmto/oan  metabolism  for  their  own 
nourishment. 

Moisture,  Termites,  like  most  other  forms  of 
jnimul  life,  contain  considerably  large  quantities  of 
water  in  their  body  tissues.  Because  they  are  typically 


soft-bodied  and  delicate  insects*  termites  must  be 
protected  against  excessive  drying.  The  dry-wood 
termites  seal  their  nests  and  tunnels  tightly  during 
periods  of  low  atmospheric  humidity.  Despite  this 
habit  they  are  normally  limited  in  their  distribution  to 
regions  of  high  humidity.  The  subterranean  termite  A 
constructs   its   own   air-conditioning  system   by  ^ 
maintaining  its  nest  in  the  moist  soil  and  connecting  / 
the  nest  and  the  feeding  galleries  with  airtight  tunnels,  * 
Despite  their  air-conditioning,  subterranean  termites 
must  normally  return  to  the  moist  soil  several  limes 
each  day,  a  fact  that  makes  them  particulary 
vulnerable  to  control  at  or  below  the  ground  line.  In 
extremely  wet  soil  conditions,  subterranean  termites 
may  construct  "subnests"  above  the  ground. 

Protection.  Termites  have  several  natural  enemies, 
the  most  serious  of  which  are  probably  the  ants  that 
can  easily  enter  the  termite  tunnels  in  search  of  food. 
The  ability  of  some  termite  species  to  plug  up  their 
galleries  almost  as  rapidly  as  they  are  invaded  provides 
some  degree  of  protection  against  ants.  The  greatest 
deterrent  to  sustained  attack  by  ants  is  the  ability  of 
the  soldier  termites  to  plug  up  the  tunnels  with  their 
heads  or  to  defend  them  with  rather  formidable  jaws. 
The  soldiers  of  some  tropical  species  are  equipped  to 
wage  a  form  of  defensive  "chemical  warfare," 

Exercises  (A17): 

Match  the  statement  in  column  A  with  the  type  termite 
in  column  B, 


Column  B 

a.  Subterranean 
termites, 

termiies. 
Subterranean 
and  dry -wood 
termites. 


Column  A 

  J     A  caste  system  exists  among  these 

termites. 

  1.    A  soldier  caste  exists  among  these 

termites, 

).   These  termites   may    nesi  above 
ground. 

  4,    The  worker  caste  predominates  in 

this  group. 

.  „  5    Thes*  termites  require  moisture  in 

order  to  survive. 
,      6    The  only  function  ofthe  soldier  is  to 

proteci  the  colony. 
7.    The  secondary  reproductives  are 

wingless  and  The  most  important 

source   of  eggs  for  the  coJon>\ 
_  H     The    primary    reproductive*  are 

winged  swarm ers. 
  These  termites  seek  the  shelter  of 

cracks  and  crevices  in  sound  wood 

above  the  ground. 
  tO    These  termiies  must  normally  return 

ta  the  muis*  sutl  several  times  each 

dav 


A18.  Identify  given  statements  concerning 
recognition  of  termite  damage  as  true  or  false. 


ihe 


Termite  damage  to  buildings  follows  predictable 
pattern!  It  permitted  to  continue,  the  damage  can 
become  extensive.  Since  facility  inspection  Is  of 
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primary  importance  in  the  control  of  termites,  you 
must  be  able  to  recognize  damage  caused  by  termites. 

Damage  Pattern.  Depending  upon  the  design  and 
building  materials  used*  the  quality  of  workmanship, 
and  certain  environmental  factors,  a  given  structure 
will  he  subject  to  attack  by  a  given  species  of  termites 
in  a  particular  manner.  Termite  attacks  in  several 
similar  buildings  are  so  similar  that  you  can  find  a 
predictable  pattern, 

In  their  blind  probing  for  new  sources  of  food, 
subterranean  termites  construct  exploratory  tunnels 
through  the  soil.  These  tunnels  emerge  above  the 
ground  Jevei  and  are  then  usually  cemented  securely  Co 
solid  objects,  such  as  foundation  walls  and  piers  or 
pipes.  These  tunnels  of  earth  and  other  materials  can 
continue  upward,  when  protected,  until  the  termites 
find  food,  They  often  reach  heights  of  several  feet.  If 
solid  objects  block  their  path,  the  termites  will 
continue  probing  until  they  have  found  or  created  a 
passage.  They  can  penetrate  expansion  joint  fillers. 
They  can  also  use  natural  cracks  in  foundation  walls. 
Because  the  spaces  between  bricks  or  building  blocks 
arc  rarely  completely  filled,  termites  may  use  these 
areas,  HoJJow  tile  foundations  can  provide  a  nearly 
perfect  approach  to  structural  wood,  as  the  termite 
tubes  are  well  protected  and  are  not  detected  during 
mspections. 

Once  gaining  entry  to  the  wood  of  a  building,  the 
termites  may  carry  on  their  destruction  of  several  years 
before  they  are  found.  The  use  of  termite  shields  will,  if 
the  shields  are  properly ,  installed  and  maintained. 
Uirce  the  termites  to  extend  their  tubes'  out  over  the 
surface  of  the  shields  and  thus  will  facilitate 
inspections.  In  buildings  comprised  primarily  of 
concrete  and  masonry,  damage  may  be  limited  to  such 
wuoden  items  as  doors  and  window  frames, 
baseboards,  and  insulating  materials  composed  of 
wood  fibers.  In  masonry  and  concreie  buildings  with 
wooden  floors,  damage  may  be  most  severe  below  the 
floor  Level.  En  frame  buildings  with  solid  concrete 
decks,  the  damage  may  be  evident  first  in  door  or 
window  frames  of  baseboards,  but  more  extensive 
hidden  damage  to  studs,  sheathing,  and  sole  plates 
may  exist.  In  wooden  frame  buildings.  Che  pattern 
varies,  depending  on  the  type  of  construction  and 
environmental  factors,  but  the  damage  may  include  all 
uf  these  types. 

Extended  Damage.  Though  ii  is  unusual,  a  new 
building  can  be  damaged  severely  during  its  first  few 
vears.  This  will  happen  when  wood  debris,  usually  tree 
stumps  and  roots,  containing  large,  active  colonies  is 
left  in  the  soil  at  the  building  sire.  Under  such 
conditiuns,  the  extended  pattern  of  damage  is  the  same 
as  that  found  in  older  buildings  with  welJ-estabtished 
colonies.  The  emergence  of  termites  at  a  point  much 
above  the  first  floor  level  in  a  frame  structure  would 
normally  indicate  a  large  colony  and  considerable 
damage.  An  emergence  ol\ubterranean  termites  may 
occur  in  the  attic  of  a  two-story  building. 
Subterranean  termite  tubes  have  been  found  at  an 


elevation  62  feel  above  the  ground  level  in  a  military 
building.  i 
Inspection.  All  structures  built  wholly  or  in  part  of 
wood  should  be  inspected  at  least  annually  lor  active 
termite  infestations,  regardless  of  preventive  measures 
employed  in  construction.  Attention  must  also  be 
given  to  those  conditions  conducive  Co  future  termite 
attack.  Under  some  conditions,  inspections  should  be 
made  semiannually  rather  than  annually,  The 
subterranean  nests  of  termite  colonies  or  points  of 
entry  into  buildings  can  often  be  located  quickly  if  the 
emergence  is  observed.  For  this  reason,  pest  control 
supervisors  should  give  prompt  attention  to  all 
complaints,  such  as  those  concerning  "flying  ants.11 
which  could  indicate  a  termite  emergence  All 
information  available  at  the  time  the  complaint  is 
answered  should  be  recorded  on  the  form  used  for 
recording  the  scheduled  annual  /  semiannual 
inspections.  The  purpose  of  the  annual/semiannual 
inspection  includes  the  on-the-siie  planning  of  control 
procedures  as  well  as  the  detection  of  active  or 
potential  infestations,  Thus,  the  inspections  of 
structures  should  be  made  by  personnel  trained  in  the 
selection  and  application  of  the  proper  control 
techniques  as  well  a$  in  the  determination  of  the  need 
for  control,  All  termite  inspections  and  treatments 
must  be  recorded  on  the  DD  Form  1070.  Termite  and 
Wood  Decay  Inspection- 
Exercises  (A  18); 

L    Place  the  letter  "T"  before  the  true  statements. 

.       a.   Termite  attacks  in  similar  buildings  are  not 

usually  so  similar  that  a  predictable  pattern 
may  be  found, 

  b.  subterranean  termites  will  build  tubes  of  earth 

up  the  foundation  walls. 

  c.    In  buildings  made  primarily  of  concrete  and 

masonry*  damage  may  be  limited  to  wood 
doors  and  window  frames. 

  d.   In  concrete  and  masonry  buildings  with 

wooden  floors,  the  damage  may  be  very1 
severe  above  the  floor  level, 

  e.    In  frame  buildings  built  on  concreie  slabs*  (he 

damage  may  be  evident  first,  in  door  or 
window    frames    or  baseboards. 

  f.    The  emergence  of  termites  at  a  point  much 

above  the  first  floor  level  in  a  frame  structure 
would  indicate  a  targe  colony  and  consider- 
able damage. 

^      g.   AM  termite  inspections  and  treatments  must 

be    recorded    on    DD    Form  1070. 

  h.   Pest  control  supervisors  should  not  give 

prompt   attention    to    all  complaints, 

2.    Correct  all  incorrect  statements. 


A19,  Complete  given  statements  concerning 
measures  that  map/  be  taken  to  prevent  and  correct 
termite  problems. 
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Ar>  effective  and  economically  managed  program  of 
termite  control  will  always  include  the  three  principal 
phases  ol  inspection,  preventive  control,  and  such 
corrective  control  as  may  be  required. 
The  techniques  used  include  the  elimination  of  food 
through  the  proper  design  and  construction  and 
through  the  application  of  sanitation  at  the  building 
sites;  the  control  of  moisture  through  adequate 
drainage  and  ventilation;  the  exposure  of  termite  tube* 
through  the  use  of  impenetrable  barriers  between  the 
soil  and  the  structural  wood;  and  the  use  of  chemicals 
for  direct  poisoning,  for  the  creation  of  barriers  by  soil 
poisoning,  and  forthc  preservative  treatment  of  wood. 

Preventive  Control.  The  best  time  to  provide 
protection  fl|pm  subterranean  termites  is  during  the 
planning  and  construction  of  a  building,  Many 
common  design  and  construction  practices  are 
favorable  for  infestation.  Some  preventive  control 
meisures  can  be  applied  after  construction  and  during^ 
the  use  of  the  buildings. 

Consrruction.  Military  building*  should  be 
planned  and  constructed  to  provide  protection  against 
termites.  Recommendations  regarding  design  and 
construction  and  the  use  of  wood  preservatives  should 
be  followed  without  deviation  regardless  of  the 
urgency  to  complete  construction  by  a  specified  date. 
Some  common  errors  of  design  and  construction  are 
burial  of  stumps,  logs,  boards,  stakes,  form  lumber 
and  wood  scraps  beneath  buildings  or  next  to  the 
foundations;  improper  grading  and  drainage; 
insufficient  air  circulation  and  cross-ventilation; 
failure  to  use  chemically  preserved  wood. 

Site  sanitatton.  All  surplus  wood,  including 
stumps*  tree  roots,  logs  and  otherwood  debris, should 
be  removed  from  the  building  site  before 
construction  work  is  started.  All  form  lumber,  grade 
stakes,  and  wood  scraps  should  be  removed  by  the 
time  construction  work  has  been  completed. 

Foundation  consiruciion.  It  is  important  that 
building  foundations  be  impervious  to  subterranean 
termites  and  that  woodwork  resting  on  the  foundation 
be  protected  against  attack.  Foundation  types  may  be 
rated  by  their  relative  resistance  to  penetration  as 
follows: 

a.  Poured  concrete  reinforced  to  prevent  cracks, 
with  the  expansion  joints  properly  filled. 

h.  Masonry  walls  capped  with  a  minimum  of  4 
inches  of  reinforced  concrete  or  Us  equivalent. 

c,  Hollow  blocks  with  all  of  the  top  rows  and  joints 
between  blocks  filled  with  concrete. 

d.  Wood  posts,  piers*  steps,  or  braces  pressure 
treated  with  an  approved  chemical  preservative  and 
capped,  when  recommended,  with  metal  termite 
shields  to  prevent  the  insects  from  gaining  hidden 
access  to  the  buildings  or  other  structures. 

Ventilation  and  drainage.  It  is  necessary  to  provide 
adequate  ventilation  and  drainage  to  prevent  termite 
attack.  The  number  and  size  of  openings  should  be 
determined  by  the  soil  moisture,  air  movements,  and 
humidity  Areas  beneath  buildings  should  be  well 


drained.  The  soil  adjacent  to  foundation  walls  should 
be  graded  to  permit  the  drainage  ofsurface  water  away 
from  the  buildings. 

Clearance  beneath  buildings.  In  order  that  periodic, 
inspections  can  be  made  for  subterranean  termites*  ] 
adequate  crawl  space  should  be  provided  beneath  % 
buildings.  The  minimum  clearance  for  effective 
inspection  b  ig  inches  from  ground  to  bottom  of 
lowest  joist,  beam,  or  girder 

Skirting.  When  skirting  is  used,  a  clearance  of  3  to  6 
inches  between  it  and  the  ground  is  needed*  If  this 
space  is  closed  in  winter,  it  should  be  reestablished 
early  each  spring. 

Miscellaneous  appendages,  AH  miscellaneous 
building  appendages,  including  porches,  steps, 
terraces,  platforms*  and  fire  escape  ladders*  should  be 
installed  with  an  unbridged  clearance  or  effective 
barrier  so  as  to,  prevent  entry  of  termites  into 
buildings.  All  wood  used  in  contact  with  the  soil 
should  be  pressure  treated  with  approved  wood 
preservatives.  Only  treated  wood  should  be  used  for 
construction  timbers  placed  on  concrete  or  masonry 
foundations.  Pipes  and  conduits  often  provide 
entrance  points  for  termites.  Plumbing;  electrical 
conduits,  and  other  piping  should  be  installed  clear  of 
the  ground  and  should  not  be  supported  by  wood 
braces  or  other  appendages  that  touch  the  ground.  At 
the  point  where  piping  enters  the  floor  of  wall  from 
below  ground,  a  funnel  type  of  shield  caulked  with  a 
coal-tar  type  of  mastic  provides  an  effective  barrier. 

Chemical  soil  barriers.  Residual  insecticides  may 
be  added  to  toe  soil.  When  properly  applied,  they  will 
provide  long-lasting  barriers  of  poisoned  soil  adjacent 
to  foundation  walls  and  piers  and  under  concrete 
slabs.  The  formulations  and  application  rates 
provided  in  Appendix  A  in  the  supplement  represent 
the  minimum  found  to  provide  effective  control  for 
native  North  American  species  for  long  test  periods. 
Any  variation  in  rate  of  application,  materials,  or 
concentrations  should  be  as  recommended  by  the 
command  entomologist  or  pesticide  label.  Water 
emulsions  arc  normally  used.  Oil  solutions  may  be 
used  when  recommended  by  appropriate  technical 
authority.  Oil  solutions  should  not  be  used  against 
surfaces  that  have  been  waterproofed  or  dampproofed 
with  asphaltic  or  other  materials  subject  to 
deterioration  by  oiL  Oil  may  "burn"  the  roots  of 
tenemental  plants.  Oil  for  solutions  should  not  be 
heavier  than  No.  2  fuel  oil. 

Wood  preservatives.  Lumber  and  other  forest 
products  that  are  exposed  to  excessive  moisture,  fungu 
and  wood  desrroying  insects  such  as  termites  should  be 
treated  with  wood  preservatives  to  prolong  their  useful 
life.  The  type  of  treatment  and  the  preservatives  to  be 
applied  depend  upon  the  type  and  severity  of  exposure 
and  upon  the  desired  life  of  the  material  treated. 
Surface  treatments  as  well  as  dip  or  soak  treatments, 
which  provide  shallow  penetration,  protect  wood 
against  dry-wood  termites.  However,  the  deeper 
penetration  provided  by  pressure  treatment  is  required 
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lor  protection  iiKamst  subterranean  termites,  Only  the 
wood  actually  treated  is  protected,  rermite«t  will 
"bridge  ovc"  treated  wood  Jvuh  their. shelter  tubes  just 
as  they  will  bypass  other  nonedihle  structural 
materials.  / 

Srrrrmni*.  As  a  deterrent  to  attack  by  dry-wood 
termites.  IK  *  iKmesh,  no incorrodible  screening  may 
be  used  to  cover  all  points  ot  entry  such  as  windows, 
doorways,  ventilators.  arjtJ  other  openings.  Particular 
attention  tbould  be  given  lo  screening  Inuvers.  eaves, 
or  apron  vemings.  and  J'iiJJd  strips  supporting  tile, 

K.xitrtor  Further  prevention  of  attack  by 

dry-wood  termites  can  be  obtained  hy  maintaining 
smooth  exterior  surface^  on  buildings,  All  exterior 
crocks,  grooves,  jnd  foints  should  be  well  tilled  before 
painting*  A  good  vo^t  of  paint,  with  caretul 
jppJicanon  at  points  dt  vulnerability,  will  aid  in 
w;irdin£  oft  attack.  ' 

(orrcelivc  Cuntrul,  The  corrective  control  of 
termites  involves  the  same  basic  principles  as  docs 
preventive  control.  ani(  many  ot  the  same  procedures 
are  used.  However,  because  in  this  case  the  control  is 
applied  to  existing!  structures,  some  different 
technique?*  are  used  fcjr  the  application  of  chemicals. 
Though  insecticides  ,'applied  to  soils  may  kill  out 
existing  colonies,  the  creation  of  a  barrier  of 
impeneirable  soil  issjill  the  aim  of  soil  pokoning.  But 
because  of  the  combination  of  certain  types  of 
structures  and  soik'  and  the  labor  costs  involved, 
limited  "spot  treatment"  of  the  most  vulnerableareas 
may  be  justified  in /some  cases.  Because  of  the  great 
variations  jn  -nwKTipev  arid  m  termite  species,  such 
limited  spot  treatment  should  be  considered  only  if 
recommended  by  the  command  entomologist , 

Soil  beneath  a  concrete  slab  may  be  treated  either 
from  above  the  slab  or  from  outside  the  building.  In 
ihe/T^vvrm'  treannz  method,  holes  are  drilled  through 
the  slab  on  12-  to'  18-inch  centers  6  to  8  inches  from 
cracks  and  expansion  joints,  The  insecticide  is  pumped 
through  these  holes  to  provide  quick,  even 
distribution.  A  p|umher"s  test  plug  or  similar  device 
with  an  expandable  rubber  ring  is  used  to  seal  the  hole 
and  p^ent  back  flow  of  the  emulsion  underpressure. 

I  ting  the  rndilinq  method,  holes  aredrilled  through 
the  foundation  wall  beneath  the  slab,  and  a  long 
perforated  pipe,  pointed  at  the  end,  is  driven  between 
the  slab  and  the  soil.  The  insecticide  is  then  pimped 
through  the  rod,  under  pressure,  as  the  rod  is 
withdrawn. 

Control  of  existing  colonies  of  dry*  wood  termites  by 
means  other  than  removal  of  the  infested  wood 
requires  the  application  of  toxic  chemicals  to  the 
tcj mites  in  the  wood.  The  application  methods  include 
i  meet  inn  ot  dust,  injection  of  liquids,  surface 
application  ot  penetrating  chemicals,  and  fumigation. 

a.  Dusting  Insectieidal  dusts  may  be  blown  into 
holes  punched  or  drilled  into  the  termite  gallm  Only 
;cr\  small  quantities  arc  needed 

h..  Squirting  Insecncidal  liquids  ma>  be  squirted 
through  holes  into  the  termite  nests.  Oil  formulations 


which  will  stain  or  prevent  later  painting  should  be 
avoided. 

cv  Surface  treatment.  If  no  paint  Yilm  is  present  to 
block  penetration,  surface  treatment  can  be  effective. 
Grease  or  emulsion  formulations  of 
pcntachlorophenol  will  penetrate  satisfactorily,  but 
may  prevent  later  painting,  Trichlorobenzene  will 
penetrate  deeply  and  has  a  fumigating  effect.  It  can  be 
fortified  with  insecticides  (see  Appendix  A  of 
Supplement  of  Volumes  4,  5,  6,  and  7). 

ii  Fumigation.  Structural  fumigation  with  methyl 
bromide  will  kill  all  dry-wood  termites  in  the  structure, 
However,  it  is  expensive  and  hazardous,  and  provides 
no  residual  effect  to  prevent  future  infestations. 

KxereUe*  (A19): 

L.    The  three  principal  phases  of  termite  control 

include  . 

and  

2.  The   best   time  to  provide   protection  from 

subterranean  termites  is  during  the  

and  of  a  building, 

3.  Some  common  errors  of  design  and  construction 
are  burial  of  , 


 4 and  

beneath  buildings  or  near  foundations;  improper 

 and   i  insufficient 

 and  cross-ventilation; 

failure  to  use  preserved  wood. 

4.  Before  a  building  is  constructed,  the  soil  adjacent 
to  the  foundation  wails  and  piers  and  under 

concrete  slabs  must  be  treated  with  a  

 .  to  provide  a  long-lasting 

barrier. 

5  During  the  construction  stage,  the  lumber  or  other 
forest  products  which  are  exposed  to  excessive 
moisture,  fungi,  and  jyp/jd-destroying  insects 

should  be  treated  with  a  

 to  prolong  their  useful  life, 

6  On  exterior  surfaces,  a  good  L  _  nf 

 will  aid  in  warding  off  attacks 

from  termites. 

T.    Soil  beneath  a  concrete  slab  may  be  treated  from 

 the  slabs  and  from  

the  building. 

K.  The  four  methods  of  applying  toxic  chemicals  for 
the  control  of  termites  are  


and  

9.  For  a  surface  treatment  for  control  of  termites,  the 
insecticide  which  wilt  penetrate  deeply  and  have  a 
fumigating  effect  is  , 

J*?.  Structure  fumigation  with  

will  }fill  all  dry-wood  termites  in  the  structure: 
however,  it  is  hazardous  and  provides  no  residual 
effect. 

2-3-  Wond-Borinfj  Insects 

Wood-bonng  insects  are  separated  into  three 
groups:  the  powder  post  beetles,  the  powder  post 
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borers,  and  the  carpenter  ants  and  bees.  This  section 
covers  the  characteristics  (descriptions,  habits,  and 
habitats)  of  these  insects  as  well  as  the  controls  for 
them. 

A20.  Dfccrirninfttc  among  the  general  characteristics 
of  thret  ponrder  post  beetle  families. 

Powder  Post  Beetles,  Powder  post  beetles  arc  so 
named  because  of  the  powdery  substance  (frass)  that 
appears  in  areas  where  these  beetles  are  working.  This 
powdery  substance  may  be  observed  on  wood  surfaces 
or  in  piles  on  the  floor  near  chair  and  table  legs. 

The  powder  post  beetles  arc  separated  into  three 
families:  Lyctidae*  Anobiidae*  and  Bostrychidae. 
Powder  post  beetles  belong  to  the  order  Coleoptera. 
The  larvae  are  responsible  for  most  damages.  They  are 
the  second  most  important  insect  pest  of  wood  articles 
and  timbers. 

Lyctidae*  This  family  is  the  true  powder  past  beetle. 
The  larvae  are  whitish  with  dark  brown  heads  and 
mandibles,  The  anterior  portion  of  their  bodies  is 
larger  than  the  posterior  portion,  The  larvae  have 
three  minute  pairs  of  legs.  The  last  pair  of  spiracles  are 
much  larger  than  the  other.  The  very  young  larvae 
bore  into  the  wood  source.  Once  they  mature,  they 
bore  almost  completely  out  in  order  to  pupate. 

Once  pupation  is  complete*  the  adults  bore 
completely  out*  pushing  a  fine  powdery  wood  dust  out 
of  the  wood  as  they  emerge.  The  adults  are  reddish 
brown  to  black  and  are  from  2,4  to  5,6  mm  long.  The 
antennae  of  these  beetles:  terminate  in  a  two- 
segmented  club,  The  tibiae  bear  spurs.  The  basal 
abdominal  segment  is  as  long  as  the  second  and  third 
segments  combined, 

True  powder  post  beetles  only  attack  seasoned 
wood  and  will  not  attack  a  live  tree  or  freshly  cut 
wood.  The  adults  will  usually  deposit  eggs  into  the 
surface  pores  of  lumber  while  it  \s  being  stored  and 
while.it  is  curing.  After  development  is  complete, 
which  may  take  3  months  to  a  year,  the  adults  will 
emerge  from  finished  wood  and  furniture  products. 

These  Seetks  prefer  the  sajiwood  of  hardwoods 
such  as  oak.  hickory,  and  ash*  and  are  commonly 
found  in  tool  handles,  pallets,  furniture,  picture 
frames,  and  in  interior  woodwork  of  buildings. 

The  exit  holes,  which  run  parallel  with  the  wood 
gram,  are  filJed  with  frass  (absem  of  fecal  pellets)  and 
are  approximately  1,2  mm  in  diameter, 

Anobiidae.  The  larvae  of  this  family  attack  the 
sapwood  of  hardwoods  and  softwoods*  such  as  pine, 
oak,  beech*  alder  and  willow,  Anobiidae  larvae  prefer 
old  wood  and  are  commonly  found  in  girders*  beams, 
foundation  timbers,  and  antique  furniture. 
'  The  larvae  are  described  as  being  whitish,  slightly 
curved,  wrinkled,  and  having  tiny  hairs  on  the  body, 
They  have  three  pairs  of  short  legs  and  toothed 
mandibles.  They  range  in  size  from  6.3  to  12.5  mm 
long, 

When  young,  the  larvae  bore  into  the  wood,  where 
they  may  live  for  a  year  or  two,  Just  before  they 


pupate,  they  bore  toward  the  surface,  but  not 
completely  out. 

When  the  adults,  emerge*  they  leave  small  holes 
which  average  2.4  mm  in  diameter.  The  tunnels  or 
galleries  may  run  across  the  wood  grain  and  are 
loosely  filled  with  frass  containing  distinct  elongate  or  H* 
bun-shaped  fecal  pellets.  These  adults  are  reddish  to  O 
blackish  brown  and  are  usually  less  than  8  mm  long,  t 
The  thoracic  region  is  usually  margined  at  the  sides*  ' 
and  the  head  i&  barely  visible  from  a  dorsal  view.  They 
do  not  have  spurs  on  the  tibiae.  They  deposit  eggs  in 
cracks  and  crevices  of  old  wood  or  in  the  mouth  of  an 
old  exit  hole, 

Bostrychidae.  This  family  of  powder  post  beetles  is 
commonly  referred  to  as  the  false  powder  post  beetle. 
There  are  two  species  that  are  most  commonly 
encountered:  the  bamboo  borer  and  the  lead-cable 
borer. 

<7.  Bamboo  borer.  This  bosirychid  in  the  adult 
stage  is  brown*  cylindrical  and  3  to  4  mm  long.  As  t  he 
common  name  implies,  it  prefers  bamboo  woods  and 
will  often  be  found  in  furniture,  ornaments,  and  poles 
constructed  from  bamboo. 

b.  Lead-cable  borer.  The  lead-cable  borer  is  also 
known  as  the  short-circuit  beetle*  because  it  actually 
causes  shorts  in  telephone  and  other  electrical  circuits 
while  feeding  upon  its  preferred  food  source  (lead) 
which  is  found  in  underground  cables.  This  beetle  is 
also  often  found  in  wine  casks.  The  adults  are  reddish 
brown*  cylindrical,  and  5  to  6  mm  long, 

Bostrychidae  larvae  are  whitish,  curved*  wrinkled* 
and  robust.  They  have  small  heads  and  greatly 
enlarged  thoracic  regions  that  bear  three  pairs  of  well- 
developed  legs.  Their  mandibles  are  not  toothed. 
Larval  tunnels  generally  run  parallel  with  the  wood 
grain  and  are  tightly  packed  with  frass. 

The  adults  bore  into  the  wood  to  deposit  their  eggs 
and  may  at  times  insert  the  eggs  into  the  celts  of  the 
wood.  Once  the  eggs  hatch*  the  larvae  bore  toward  the 
surface  and  pupate.  After  pupation,  the  new  adults 
emerge  from  the  wood.  The  adults  have  an  enlarged* 
roughened  thorax  that  gives  the  beetle  a  hump-oacked 
appearance.  They  have  spurred  tibiaes. 

The  entrance  and  exit  holes  of  these  beetles  average 
6. 3  mm  in  diameter. 

Exercises  (A20): 

Match  the  description  in  column  A  with  the  type  beetle 
in  column  B. 


Column  A 

The  very  young  larvae  bore  into  the 
wood  source*  and  once  mature, 
they  bore  almost  completely  out  to 
pupate, 

The  emerging  aduJis  leave  smaJJ 
holes  which  average  2,4  mm  in 
dia  meter 

The  ad  wit  twres  mlo  the  wood  to 
deposit  eggs  and  may  at  times  insert 
eggs  into  the  cells  of  the  wood. 


Coiumrj  B 


Lyctidae. 

Anobiidae. 

Bostrychidae. 
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Cofamn  A 

— -  The  adults  have  a  roughened 
cfior&K  itiai  is  enlarged,  giving  the 
bceile  i  humpbacked  appenranee. 
and  they  have  spurred  ubiaes, 

—  5    The  tunnels  or  galleries  may  run 

across  the  wood  grain  and  are 

loosely  filkd  wich  frass  containing 

distinct,  elongated  □#  hun-shaped 

fecal  pellets. 

 h-  b    A  irue  powderpost  beetle. 

— -  7    False  powder  post  beetle. 

— ~  8    The  Larvae  attack  the  sapwood  af 

hardwoods  and  softwoods. 
— ^  ^    These  adults  are  reddish tobtaetish 

brnwn  in  color  and  are  Ins  than  H 

mm  long. 

—  Ifr-    The  larvae  have  lhree  piinuie  pairs 

of  leg*,  and  the  last  pairoFspiraclefi 
are  much  larger  than  tbe  others. 
_  N     The  antennae  terminates  in  a  iwo- 
segmcntetf  dub.  aiid  the  tibiae  bear 
spurs 

^r  I*    The  Larvae  have  three  pairs  of  short 

leg*  And  tooth  mandibles. 
_  13-  The  Larvae  are  whitish,  "shghily 
curved,  wrinkled,  and  have  liny 
hatn  on  the  oody. 
_  14.  The  larvae  have  small  heads  and 
greailv  enlarged  thoracic  regions 
that  bear  three  pairs  of  welt 
developed  legs 

  15     The  larvae  prefer  old  wood  and  are 

commonly  found  in  girders,  beams, 
and  foundation  timber 
__         The  larvae  are  whitish  with  dark 

brown  heads  and  mandibles 
_^  I"     The  basal  abdominal  segments  are 
as  lung  as  the  second  and  third 
segment  combined. 
^         The   adult's  thoracic  region  u 
usually  margined  at  the  sidc\  and 
the  head  is  harel\  vmble  from  a 
thirsal  view  The>  don't  haveipurs 
«n  ihe  iihiae. 
_^  M    Adults  are  reddish  brown  to  black 
Jnd  arr  from  >,4  jo  5.5  mm  long, 
_  2d    I. anal    tunnels    generally  run 
pdfuJLrl  with  the  wood  gram  and  are 
Lighlly  patked  with  Iras*, 

 21.    The  larvae  anterior  portion  of  ihe 

body  is  large*  than  :be  posterior 
portion, 

_  Their  mandibles  are  not  toothed 

2}     Only  attack  scaiuncd  wuud;  vul) 

not  aLLack  a  live  tree. 
_r  2.4     The  larvje  range  tn  sue  from  fs..l  to 

12.5  mm  long. 
_^  25     Prefer thesapwoods  of  harduoods. 

such  as  uak.  hicfcori,  and  j,sh 
Hfr     The  larvae  mav  h\e  in  the  wood  Ifif 

a  year  ur  two  before  bnring  Ujwarth 

the  snrtace. 
2'     F-xii  holei  run  parallel  wiih  the 

wiHid  gram,  are  filled  with  fras\, 

find  are  1  2  mm  jji  dfajneier 
^-  -M     The  larvae  jre   *riiljih,  curved. 

crinkled  jfld  rnhun 


A2l_  Identify  the  family  of  powder  post  borers  to 
which  given  statements  Apply, 


Powder  Post  Borers.  Powder  post  borers  belongto 
the  order  CoJeoptera  and  are  separated  with  two 
families.   Cerambycidae  and   Bupre&tkiae.   These  (r 
beetles  are  primarily  feeders  on  dry  woods.  Under  ^ 
natural  forest  conditions,  they  play  an  important  role  / 
in  the  reduction  of  dead  trees  to  permit  new  growth,  h 
Their  destructiveness  in  structural  woods,  however,  Q 
can  result  in  considerable  economic  losses. 

Cerambycidae.  This  family  of  beetles  is  often 
referred  to  as  long-horned  wood  borers  or 
roundheaded  wood  borers.  It  contains  some  of  the 
largest  species  of  wood  borers.  Cerambycids  will 
attack  living  or  dead  wood;  therefore,  they  are 
generally  considered  to  be  pests  of  ornamental  plants, 
such  as  shade  trees  and  fruit  trees.  However,  the  old 
house  borer  is  one  species  that  is  very  important  as  a 
structural  pest.  It  attacks  sap  wood  of  softwoods,  such 
as  pine  and  spruce,  and  is  commonly  found  in  floor 
joists,  sills,  beams,  studs,  and  subflooring. 

The  old  house  borer  deposits  eggs  In  tight  crevices, 
such  as  cracks  and  natural  checks  in  boards.  Upon 
hatching,  the  larvae  bore  into  the  wood.  They  maystay 
in  this  stage  for  2  to  3  years.  The  tunnefs  excavated  are 
round  because  the  head  and  thoracic  region  of  the 
larvae  are  round.  These  tunnels  are  loosely  filled  with 
frass.  Before  the  larvae  pupate,  they  bore  toward  the 
surface.  Following  pupation,  the  adults  emerge  at  the 
surface  and  leave  oval  holes. 

The  old  house  borer  larvae  are  flesh  colored, 
straight  bodied,  wedge  shaped,  and  may  be  up  to  25.6 
mm  long.  The  adults  are  brownish  black  in  color  and 
have  many  gray  hairs  on  the  head  and  anterior  portion 
of  the  body.  Each  wing  cover  has  two  patches  of  gray, 
and.  when  fused,  they  will  form  either  two  transverse 
bands  or  two  downy  white  spots. 

Bttprestidae.  This  family  of  wood  borers  is  often 
referred  to  as  flat  headed  wood  borers  because  of  the 
enlargement  of  the  thorax  immediately  behind  the 
relatively  small  head.  Like  the  family  Cerambycidae, 
the  buprestids  attack  living  and  dead  wood  and  are 
considered  to  be  more  important  as  pests  of 
ornamental  plants  than  as  structural  pests. 

Buprestids  are  attracted  to  smoke.  This  attraction 
leads  them  to  forest  fires,  where  they  deposit  eggs  in 
bark  cavities  of  scorched  trees.  Once  the  eggs  hatch, 
the  elongate,  whitish,  legless  larvae  bore  into  the 
sapwood  and  leave  tunnels  that  are  tightly  packed  with 
frass, 

The  adults  can  usually  be  recognized  by  their  bright 
metallic  colors.  Because  there  are  many  species  of 
buprestids.  the  coloration  and  size  of  these  beetles 
vary.  Most  are  iridescent  blues  and  bronzes.  These 
beerles  range  in  size  from  small  ro  medium  and  may  be 
cither  Oat  bodied  or  cylindrical. 

Exercises  (All): 

Match  the  statement  in  column  A  with  the  family  of 
powder  post  borers  in  column  B> 
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Column  A  Column  8 

.       1.    Primary  feeders  on  dry  wood,  a.  Cerambycidae. 

  2,    Wilt  attack  Living  or  dead  wood.       b,  Buprestidae. 

  3.    Ptsu  or  ornamental  plants,  such  as     c,  Botb. 

shade  trees  and  fruit  trees, 
  4>    Lang-horned    wood    borers  or 

roundheaded  wood  borers. 

  5.    Flathcated  wood  borers. 

  h,    Desvryaiveness  in  structural  woods 

can  result  in  considerable  economic 

Joss. 

  7    Old  house  borers  attack  sapwoods 

or  soft  woods  and  are  commonly 

found  in  door  joists,  sub  flooring 

sills,    beams,    and  sluds. 
  8.    Adults  have  bright  metallic  colors: 

most    are    iridescent    blues  and 

bronzes. 

_  9    The  adults  are  brownish  black  and 

have   many  gray  hairs  on  the 

anterior   ponton   of  the  bodv. 
  10.    The  tunnels  excavated  are  round 

because  the  head  and  mora*  region 

of  the  larvae  are  round. 


A22.  Identify  statements  pertaining  to  the  preventive 
and  eoneetive  measures  for  the  control  of  powder  post 
beetles  and  borers  as  true  or  false;  correct  any  false 
statements. 

Control  of  Powder  Post  Beetles  and 
Borers,  Powder  post  beetles  and  borers  can  be 
Controlled  effectively  by  implementing  preventive  and 
corrective  measures. 

Preventive  vontroi.  Wood  susceptible  to  powder 
post  beetle  attack  and  intended  for  prolonged  or 
indefinite  storage  may  be  protected  economically  by  a 
preventive  treatment.  Oil  solutions  containing 
chlorinated  hydrocarbons,  applied  as  3 -minute  dips, 
have  proven  effective  in  preventing  beetle  attack  for  10 
years  or  more  after  treatment.  Emulsions  and 
suspensions  are  Jess  effective  than  oil  solutions. 
Satisfactory  solutions  may  be  prepared  from  fuel  oil. 
trichloro  benzene,  or  other  recommended  solvents.  An 
effective  general- pur  pose  protective  dipping  solution 
should  contain  5  percent  pentachlorophenol, 
approximately  5  percent  of  a  water  repellent,  one  of 
the  approved  chlorinated  hydrocarbons*  and  a 
penetrating  solvent.  The  pentachlorophenol  will 
prevent  fungus  damage,  and  the  chlorinated 
hydrocarbons  will  prevent  insect  attack.  When  wood 
so  treated  is  cut  or  refinished,  the  cut  surfaces  should 
be  covered  with  preservatives  by  dipping  or  brushing. 
An  excellent  wood  preservative,  without  the 
insecticide,  is  pentachlorophenol.  The 
pentachlorophenol  is  not  needed  unless  the  wood  is  to 
be  stored  or  used  where  it  would  get  wet  and  be 
subjected  to  attack  by  decay.  For, such  wood  not 
subject  to  decay,  an  oil  solution  containing  one  of  the 
recommended  insecticide  solutions  will  be  adequate  to 
protect  it  from  beetle  attack,  Tool  handles,  gun  stocks, 
and  other  items  may  be  protected  against  lyct  us  attack 
<f  all  surfaces  are  coated  with  a  heavy  linseed  oil  or 
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paint  which  fills  the  wood  pores  and  prevents 
oviposition  (depositing  of  eggs). 

Corrective  control.  Active  infestations  can  be 
controlled  with  3-minute  dip  treatments  in  oil 
solutions  of  the  chlorinated  hydrocarbons.  Thorough 
brush  and  spray  applications  are  effective  on  small- O1 
dimension  stock,  such  as  tool  handles.  For  control  iit* 
buildings,  good  penetration  of  the  insecticide  is/ 
important.  Paint,  varnish,  or  enamel  should  be  ft 
removed  before  the  insecticide  is  applied*  In  the  J 
treatment  of  laid  flooring  in  buildings,  deeper 
penetration   is   generally  attained  by  thoroughly 
brushing   the   oil  solution    into   existing  beetle 
emergence  holes  and  the  crevices  between  the  boards. 
Merely  spraying  the  oil  solution  onto  the  exposed 
surface  of  the  flooring  frequently  does  not  give 
sufficient  penetration  to  give  satisfactory  control.  In 
heavy-dimension  stock,  two  or  more  applications  may 
be  required.  For  heavy  timbers,  vat  dipping  or  drilling 
and  injection  of  the  oil  solution  underpressure  may  be 
necessary.  Fumigation   with  methyl  bromide  in 
vacuum  chambers  is  effective,  but  it  provides  no 
residual  protection. 

exercises  (A22); 

1.  Place  the  letter  "T*  before  the  correct  statements, 

 a.  Oil  solutions  containing  chlorinated  hydro- 
carbons, applied  as  3-minute  dips,  have 
proven  effective  in  preventing  beetle  attack 
for    10   years  or   more  after  treatment, 

  b  Emulsions  and  suspensions  are  more  effective 

than  oil  solutions.  . 

  c.    An    effective    general-purpose  protective 

dipping  solution  should  contain  5  percent 
pentachlorophenol,  approximately  5  percent 
of  a  water  repellent,  one  of  the  approved 
chlorinated  hydrocarbons,  and  a  penetrating 
solvent, 

 d-  The  pentachlorophenol  will  prevent  insect 

attack,  and  the  chlorinated  hydrocarbons  will 

prevent  fungus  damage, 
 e.   Active  infestations  can  be  controlled  with  a 

3-minute  dip  treatment  in  oil  solutions  of  the 

chlorinated  hydrocarbons. 
  f.   Painti  varnish  or  enamel  can  be  left  in  plaee 

when   the   insecticide   is  applied. 
  g.  Spraying  the  oil  solution  onto  the  exposed 

surface  of  the  flooring  frequently  does  not 

give  sufficient  penetration  to  give  satisfactory 

Control. 

2.  Correct  any  false  statements. 

A23-  Complete  given  statements  concerning  the 
characteristics  and  controls  of  carpenter  ants  and  bees. 

Carpenter  Ants  and  Bees.  These  insects  belong  to 
the  order  Hymenoptera.  Even  though  they  are 
venomous,  they  have  been  reserved  for  this  section 
because  they  are  more  important  as  structural  pests, 


Carpenter  Ants*  Carpenter  ants  are  so  named 
because  they  tunnel  into  wood  and  excavate  to  provide 
the  galleries  that  form  a-  home  for  the  colony. 
Although  they  are  general  feeders  and  will  not  eat  the 
wood,  they  can  sometimes  do  serious  damage. 
Common  black  carpenter  ants  are  large  ants< 
sometimes  12.5  mm  Jong,  They  build  their  nests  in  a 
variety  of  places,  such  as  the  dead  heartwood  of  living 
trees,  logs,  house  timbers,  poles*  and  almost  any  wood 
material.  They  are  most  destructive  in  soft  woods. 
Most  of  their  tunnels  are  approximately  parallel  and 
run  lengthwise  with  the  grain  of  the  wood.  Other 
shorter  tunnels  thai  cut  across  the  grain  connect  the 
longer  parallel  tunnels  within  the  wood  and  open  to 
the  outside.  Where  wood  is  seriously  damaged  by 
carpenter  4ms*  it  should  be  replaced.  For  the  most 
satisfactory  control,  short  of  removal  of  the  infested 
wood*  the  nest  must  be  located,  lnsecticidal 
formulations  containing  chlorinated  hydrocarbons 
are  effective  if  injected  into  the  nests.  In  some  cases,  it 
is  difficult  to  find  the  nesti  but  the  ants  may  be  seen 
coming  from  cracks  or  joints  in  the  building.  In  such 
cases,  good  control  can  often  be  obtained  by  the  use  of 
insecticidal  dusts  that  are  carried  to  the  nest  by  ants 
walking  through  them,  or  by  the  use  of  poisoned  baits. 

Carpenter  bees.  Carpenter  bees  belonging  to  genus 
Xylocopa  are  large  bees,  sometimes  an  inch  long.  The 
majority  of  these  bees  are  found  in  the  southern 
portion  of  the  United  States  and  in  the  Tropics. 
Carpenter  bees,  like  carpenter  ants*  do  not  eat  wood 
but  excavate  tunnels  for  nesting  sites.  Unlike  ants  and 
some  other  bees,  Carpenter  bees  are  not  social  insects 
developing  large  colonies,  Tunnel  openings  are  usually 
perfectly  round,  or  nearly  so.  The  tunneU,  which  may 


extend  as  much  as  a  foot,  are  divided  into  brood  cells. 
The  occasional  tunneling  of  structural  timbers  by 
carpenter  bees  should  cause  no  alarm  to  building 
occupants;  however,  repeated  attacks  in  the  same  area 
may  result  in  significant  damage.  Dusting  partly 
completed  tunnels  with  insecticide  powder  will  kill  the 
adult  bees.  Insecticides  may  be  used  as  preventive 
sprays  or  may  be  packed  into  the  tunnels,  which  are 
then  sealed  with  putty.  The  most  effective  preventive 
treatment  for  use  in  structures  in  a  heavy  protective 
coating  of  paint. 

Exercises  (A23): 

1.  Carpenter  ants  are  so  named  because  they  1 — . 

 into  wood  and  — to 

provide  the  galleries  that  form  a  home  for  the 

'  colony. 

2.  Carpenter  ants  are  most  destructive  in  ,  

woods". 

3.  lnsecticidal  formulationscontaining  

 hydrocarbons  are  effective  if 

— into  the  nests. 

4.  Good  control  can  be  often  obtained  by  the  use  of 

lnsecticidal  that  are  

into  the  nests  by  ants  walking  through  them. 

5.  The  majority  of  carpenter  bees  are  found  in  the 
 portion  of  the  United  States. 

6.  Carpenter  bees  do  not  — ,  wood  but  

 tunnels  for  nesting  sites. 

7.  Partly  completed  can  be  

with  insecticide  tokilltheadult  bees. 

8.  The  most  effective  preventive  treatment  for  use  in 

structures  is  a  heavy  protective  

of  
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CHAPTER  3 


Ornamental  and  Turf  Pests 


ORNAMENTALS  (trees  and  shrubs)  represent  an 
important  part  of  the  wealth  and  beauty  of  this 
country.  They  make  up  our  forests  and  beautify 
residential  grounds,  city  streets,  highways,  and  the 
,  countryside  in  general.  On  many  of  our  military 
installation^,  cultivated  plantings  and  forest  areas  are 
the  most  attractive  features.  In  addition,  they  provide 
protection  against  dust*  erosion*  and  flooding. 

Trees  and  shrubs  on  military  installations  may  be 
attacked  and  progressively  damaged  by  insects  and 
other  pests  in  many  ways.  For  example,  a  colony  of 
Caterpillars  may  strip  the  foliage  from  twigs  and 
branches:  aphid s  may  suck  the  sap  from  new  shoots 
and  leaves,  causing  them  to  wilt  or  to  grow 
abnormally*  tiny  scale  may  .encrust  branches  and 
twigs,  withdrawing  enough  food  to  lei] J  plants 
outright;  and  borers  o?  manyjeinds  may  invade  the 
bark  and  wood*  seriously  injuring  or  killing  plants. 
More  subtle  and  often  more  serious  is  the  damage 
caused  by  those  insects  that  carry  bacterial  fungal,  or 
viral  disease. 

Turf  is  subject  to  attack  from  insects  and  insectlike 
pests  ijiat  cause  it  to  turn  brown  and  die.  The 
extensively  grassed  areas  at  military  installations 
represent  important  investments  in  land  management 
(dust  and  erosion  control)  and  in  the  morale  benefits 
of  lawns,  golf  courses,  and  recreation  areas.  The  many 
pests  which  destroy  lawns  and  other  grassed  areas  are 
grouped  by  the  methods  of  attack  and  types  of 
damage.  Some  live  in  the  sod  andchewthe  grass  roots. 
Others  Jive  above  ground  and  chew  the  leaves  and 
stems.  Still  others  suck  the  juice  from  the  plants. 

3-1.  Ornamental  Pests 
*  Ornamental  pesis,  as  discussed  in  this  section,  are 
identified  as  those  insects  that  feed  on  trees  and  shrubs 
by  eating  entire  leaves*  eating  portions  of  leaves*  and 
boring  into  the  bark  and  sucking  the  sap  from  leaves 
and  stems.  Other  insects  included  in  this  group  are  the 
gall-forming  insects, 

This  section  covers  the  characteristics  and  controls 
for  <  I)  common  lepidoptera  defoliators.  (2)  webbing 
Lepidoptera  defoliators.  (3)  miscellaneous  Lepidoptera 
defoliators.  (41  skeletonizing  defoliators,  (5)  mining 
defoliators.  (6)  bark  beetles  and  engravers^  (71 
sapsuckers.  and  (8)  gall  formers. 


A24.  Associate  three  common  Lepidoptera 
defoliators  with  their  descriptions. 

Common  Lepidoptera  Defoliators.  Many  of  the 
insects  that  defoliate  shade  trees  and  shrubs  are 
general  feeders  that  attack  a  wide  variety  of  hosts.  The 
more  important  'and  abundant  ones  are  typical 
caterpillars,  such  as  the  fall  cankerworm,  white- 
marked  tussock  moth,  and  gypsy  moth. 

Fall  cankerworm.  The  fall  cankerworm  is  found  in 
nearly  all  parts  of  the  northern  United  States  and  as  far 
west  as  Montana  and  south  to  the"  Carolinas  and 
Missouri.  It  has  .been  reported  in  Colorado  and 
California. 

The  adult  male  has  a  wing  spread  of  approximately 
31  njm.  The  wings  are  light  gray  with  pale  markings. 
The  female  is  light  gray  and  wingless. 

Eggs  are  deposited  in  clusters  on  twtgs  in  late  fall 
and  hatch  in  the  spring,  Pupation  occurs  in  a  silken 
cocoon  in  the  ground  just  a  few  inches  below  the 
surface. 

White^marked  tussock  moth,  This  moth  is  found 
along  the  entire  Atlantic  coast  and  westward  to 
Colorado.  It  feeds  chiefly  upon  shade  trees,  such  as 
sycamores. 

^  The  adult  has  a  wing  spread  of  about  25  mm.  The 
wings  are  gray  with  wavy  dark  bands  and  pale 
markings.  The  female  is  robust,  light  gray  in  colon  and 
is  wingless. 

Eggs  are  deposited  in  the  fall  on  silken  cocoons  in 
which  pupation  occurs.  They  are  covered  with  a  white 
Liquid  substance  that  becomes  hardened  to  form  a 
crust  which  makes  them  very  noticeable  against  the 
bark  of  trees.  These  eggs  hatch  in  early  spring  and  the 
larvae  begin  to  feed  immediately. 

The  larvae  are  approximately  3.8  cm  long.  They 
have  a  bright  red  head  and  two  raised  red  humps  on 
top  near  the  posterior  end. 

Gypsy  moth.  The  gypsy  moth  is  found  primarily  in 
the  New  England  States  and  parts  of  New  York  and 
Pennsylvania.  It  feeds  mainly  upon  such  trees  as  applet 
alden  birch*  oak-,  and  willow. 

The  adult  male  has  a  wing  spread  of  about  3,8  cm. 
These  wings  are  brown  with  yellowish  markings.  The 
wings  of  the  female  are  almost  entirely  white  with  a  few 
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dark  markings  and  arc  approximately  5  cm  across. 
The  female  has  a  thick  heavy  body  and  docs  not  fly. 

Exercises  (A24J: 

Match  the  statements  in  column  B  with  the  pests  in 
colurrfn  A. 


Column  A 


Fall 

cankcrworm. 
White- marked 
Tuwock  moth. 
Gypsy  moih. 


It  feeds  mainly  upon  such  trees 
as  apple,  alder  birch,  oak.  and 
willow.  The  adult  rffale  has  a 
wing  spread  of  about  3.8  cm. 
These  wings  are  brown  wiih 
yellowish  markings. 
It  feeds  chiefly  upon  stpade  irecs. 
such  as  sycamores.  The  adult 
has  a  wing  spread  of  about  25 
mm.  The  wings  arc  gm>  with 
wavy  dark  bands  and  paJe 
markings. 

The  adult  male  has  a  wing 
spread  of  approximately  }\ 
mm.  The  wings  are  light  gray 
with  pale  markings. 


A25t  Associate  three  webbing  Lepldoptera 
defoliators  with  their  descriptions. 

r 

Webbing  Lepldoptera  Defoliators.  Many 
important  pests  of  ornamentals  construct  webbed 
tents  on  limbs  and  branches  of  host  trees.  Others 
inclose  themselves  within  roilecf  leaves  or  (eaves  tied 
and  webbed  together.  The  large,  ugly  webs  or  rolled 
and  tied  leaves,  combined  with  the  stripping  of  Foliage 
by  the  caterpillars,  add*  to  the  unsightly  appearance  of 
damaged  trees. 

Fall  webworm.  The  fall  webworm  is  a  moth 
belonging  to  the  order  Lepidoptera,  It  is  only 
important  as  an  ornamental  pesi  in  its  larval  stage,  as 
is  the  case  of  ad  Lepidopteras.  h  feeds  upon  shade  and 
fruit  trees  and  is  most  abundant  in  the  eastern  region 
of  the  United  States  but  is  also  found  westward  to  the 
Rocky  Mountains.  An  unusual  characteristic  of  fall 
webworms  is  (he  forming  of  a  thin  white  web  that 
incloses  the  tips  of  branches  on  which  the  worm  is 
feeding.  As  they  grow  and  foliage  within  the  web  is 
consumed,  the  web  is  extended  to  cover  more  leaves. 
Remember  this  characteristic  especially,  because  it  is 
essential  to  detect  the  presence  of  fall  webwormswhen 
you  conduct  surveys. 

The  larvae  are  approximately  28  mm  long  and  pale 
yellowish  or  greenish.  They  have  a  longitudinal 
greyish  stripe  down  the  center  of  their  backs  with  a 
yellow  strip  along  each  side,  and  are  black  and  orange 
spotted. 

The  adults  have  pure  white  wings  thai  may  be 
spotted  with  black  at  times.  The  wing  spread  of  these 
adults  is  approximately  25  mm. 

Fall  webworms  spend  the  winter  as  pupae  in  a  thin 
cocoon  on  the  ground.  They  emerge  as  adults  in  late 


spring  and  lay  their  eggs  in  masses  of  up  to  500  on  the 
bottom  of  leaves.  The  eggs  hatch  in  about  10  days  and 
the  larvae  begin  to  feed,  eating  the  entire  leaves.  4 

Eastern  tent  caterpillar.  The  eastern  tent  caterpillar ^ 
is  a  moth  that  eats  entire  leaves  of  shade  and  fruit  trees. 
It  is  found  from  the  Rocky  Mountains  and  eastward. 

These  insects  construct  webs  in  the  forks  of  main 
branches  in  a  tree.  Unlike  the  fall  webworms,  the  webs 
of  eastern  tent  caterpillars  do  not  inclose  leaves;  they 
serve  only  as  protective  living  areas.  The  larvae  must 
leave  the  web  to  feed. 

The  eastern  tern  caterpillar  is  approximately  5  cm 
long  and  black  with  a  white  longitudinal  stripe  on  its 
back.  On  each  side  of  the  stripe  is  a  row  of  alternating 
pale  blue  and  velvety  black  spots.  It  is  sparsely  covered 
with  light  brown  hairs. 

The  adult  is  robust  and  has  a  reddish-brown  body 
and  wings.  The  forewings  have  two  whitish  lines 
crossing  them.  The  male  has  a  wing  spread  of  about  3.2 
cm,  while  the  wing  spread  of  the  fe  male  is  only  about 
12.5  mm. 

The  adults  appear  in  early  summer  and  lay  as  many 
as  300  eggs  in  wide  bands  around  small  twigs  of  trees. 
A  sticky  substance  deposited  over  the  eggs  hardens 
and  attaches  the  eggs  to  the  twig.  The  larvae  hatch  and 
overwinter  within  the  eggs,  emerging  in  early  spring. 
At  first,  the  larvae  feed  upontheeggcovering material 
and  then  they  spin  the  web. 

Spruce  bud  worm.  This  moth  larva  is  probably  the 
most  destructive  leaf  roller  and  tier  in  the  United 
States.  It  is  a  serious  pest  of  spruce*  balsam  fir,  and 
ponderosa  pine.  The  larvae  feeds  first  by  boring  within 
old  needles  and  then  tunnels  into  opening  buds*  They 
later  tie  the  tips  of  twigs  together,  forming  a  nest,  and 
when  they  are  full  grown,  they  spin  loose  cocoons  in 
the  nest  or  on  a  twig,  where  pupation  occurs. 

The  adults  are  active  in  the  summer  and  (ay  their 
eggs  on  foliage.  The  eggs  hatch  and  the  young  larvae 
spin  protective  coverings  under  the  bark  scales  to 
overwinter.  The  larvae  then  become  active  in  the 
spring,  feeding  on  opening  buds. 

The  adults  are  attractively  striped  or  spotted  in 
browns  or  grays.  When  resting,  they  appear  to  be  bell- 
shaped  because  of  the  manner  in  which  the  wings  are 
folded  across  their  backs.  The  moths  seldom  exceed  25 
mm  in  wing  spread. 

The  larvae  are  greenish  and  have  sparse  hairs 
protruding  from  tiny  raised  areas  on  their  bodies. 

Exercises  (A 25): 

Match  the  statements  in  column  B  with  the  pest  in 
column  A. 


Column  A 

Fall  webworm 
Easiern  tent 
caterpillar. 
Spruee  bud 
worm. 


Coittmtx  8 

[1  eats  entire  leaves  of  shade  and 
fruit  trees.  These  insects 
Cnrisiruct  web^  in  lhe  forks  of 
main  branches  in  a  iree.  The 
web  docs  not  ineiose  leaves  and 
serves  only  as  a  protective  living 
area. 
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Column  B 

b.  It  only  important  as  an 
orn internal  pesi  in  in  larval 
stage.  It  Feed*  upon  shade  and 
fruit  loces.  The  wfiitt  wrb 
indoles  the  tips  of  branches  chat 
are  being  fed  upon, 

c.  It  is  a. serious  peal  of  spruce, 
balsam  fir,  and  ponderosa  pine. 
The  Larvae  feed  first  by  boring 
within  old  needles  and  thin 
tunneling  into  the  opening  bud. 
The  adults  are  active  in  the 
summer  and  lay  ihrir  eggs  on 
foliage* 


A26.  Identify  given  statements  pertaining  to 
bag  worms  aim)  cutworms  as  being  true  or  false,  and 
correct  those  that  are  false. 

Miscellaneous  Lepidoptera  Defoliators.  There  are 
several  miscellaneous  arthropods  that  often  consume 
the  leaves  and  needles  of  ornamentals.  The  most 
common  of  this  group  are  the  bag  worms  and 
cutworms. 

Bagyvorms.  The  bagworm  is  a  caterpillar  which 
lives  in  a  silken  cocoonlike  bag  to  which  is  attached 
bits  of  leaves  and  stems  from  the  host  plant.  The  bag. 
approximately  5  cm  long,  is  attached  to  the  stems  and 
twigs  of  the  host  plant.  The  bagworn:  is  principally  a 
pest  of  shade  trees,  shrubs,  and  hedges,  although  it 
favors  evergreens  of  all  kinds,  especially  junipers, 
cedars*  and  arborvitae.  Affected  plants  may  be 
partially  or  totally  defoliated. 

Cutworms.  Cutworms  are  smooth,  plump 
caterpillars,  gray  or  brownish,  and  2.5  to  5.0  cm  long 
when  full  grown.  They  are  seldom  seen  because  they 
usually  remain  hidden  under  clods  of  earth  or  in  the 
topsoil  by  day.  In  the  evening,  cutworms  emerge  to 
feed  to  foliage,  buds,  green  fruits,  and  succulent 
growth  of  ornamentals.  Heavy  infestations  cause 
severe  damage  and  at  times  young  plants  may  be 
killed. 

Exercises  (A26ft 

Mark  the  following  statements  as  being  correct  (C)  or 
incorrect  (I),  Correct  those  that  are  false. 

_^  L  The  most  common  insects  in  ihe  miscel- 
laneous Lepidoptera  defoliators  group  are 
bagworms  and  cutworms, 


  2.  The  cutworm  is  a  caterpillar  which  lives  in  a 

silken  cocoon  like  bag  to  which  is  attached  bits 
of  leaves  or  stems  from  the  host  plant. 


  3,  The  bagworm  is  principally  a  pest  of  shade 

irees*  shrubs,  and  hedges,  although  ii  favors 
evergreens  of  all  kinds. 


 4.  Bagworms  are  smooth,  plump  caterpillars. 

gray  or  brownish,  and  2,5  to  5,0cm  long  when 
full  grown, 

  5,  Cutworms  are  seldom  seen  because  they 

usually  remain  hidden  under  clods  of  earth  or 
in  the  topsoil  by  day. 


A27.  Identify  given  statements  as  pertaining  to  the 
elm  leaf  beetle,  Japanese  beetle,  or  both. 

Skeletonizing  Defoliators,  Leaf  beetles,  as  the 
name  implies,  feed  on  tJle  leaves  of  plants  as  adults  or 
larvae  or  both.  The  adults  are  characterized  by  a  great 
variation  in  coloration  and  markings;  ihey  are  spotted, 
striped*  or  patterned  in  brightly  contrasting  colors. 
The  larvae  are  usually  soft  bodied  and  sometimes 
highly  pigmented. 

The  feeding  pattern  of  the  adults  is  often 
characterized  by  a  skeletonizing  of  the  leaves, 
generally  the  lower  surface.  The  larvae  and  adults 
consume  the  upper  and  lower  epidermal  layers  of  the 
leaf,  leaving  only  the  veins  and  cross  veins  untouched. 
Heavy  feeding  by  either  the  adults  or  larvae  causes  a 
distinct  brown  or  gray  appearance  of  the  trees 
attacked. 

Elm  leaf beetle.  This  beetle  can  be  found  in  almost 
every  region  of  the  United  Slates  but  is  most 
commonly  found  in  the  New  England  and  Mid- 
Atlantic  States,  As  its  name  indicates,  its  preferred 
food  is  that  of  the  elm  tree. 

Both  the  adult  and  larval  stages  feed  on  the  leaves, 
The  adults  eat  irregularly  shaped  holes  in  the  leaves  in 
early  Spring,  while  the  larvae  feed  on  the  leaves* 
undersurface,  leaving  the  upper  epidermis  unbroken 
in  the  summer. 

The  adult  beetle  is  approximately  6  mmin  length.  It 
is  dull  yeJlow  with  black  spots  on  the  head  and 
pronotum.  It  has  a  black  band  near  ihe  outside  ofeach 
elytron  (wing  cover)  and  a  short  streak  at  the  base  of 
elytron. 

Japanese  beetle.  This  beetle  Is  distributed  from 
Maine  to  Florida  and  eastward  to  the  Mississippi 
River.  aJthough  ii  is  most  abundant  in  Connecticut, 
New  York,  New  Jersey,  Delaware*  Pennsylvania*  and 
Maryland,  It  feeds  upon  the  foliage  of  many  types  of 
plants  as  an  adult.  It  also  feeds  upon  the  roots  of  many 
plants  in  the  larval  stage. 

The  adults  appear  in  June  and  lay  their  eggs  in  the 
ground,  Upon  hatching;  the  larvae  (gmbs)-feed  on 
decaying  vegetation  and  living  plant  roots.  As  the 
weather  gets  cooler,  the  larvae  burrow  deeper  into  the 
ground  and  overwinter.  As  the  weather  warms*  they 
begin  to  work  themselves  closer  lo  ihe  surface  lo 
pupate  in  May. 

The  adults  are  described  as  being  approximately 
1 2,5  mm  long  and  bronzy  green  in  color.  The  elytra  are 
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brown.  There  arc  six  while  spots  along  each  side  of  the'/ 
abdomen* 

Exercises  (A27): 

In  the  blank  spaces  provided,  identify  the 
skeletonizing  defoliators  by  placing  an  E  for  elm  leaf 
beetle,  J  for  Japanese  beetle,  and  B  for  both. 

  ],  Their  preferred  food  is  that  of  the  elm  tree. 

—  2.   Both  the  adult  and  larval  stage  feed  on  the 
leaves. 

  3.   The  adult  beetle  is  approximately  6  mm  in 

length  and  is  dull  yellow  with  black  spots  on 

the  head  and  pronotum. 
 4.   Heavy  feeding  by  either  the  adults  or  larvae 

causes  a  distinct  brown  or  gray  appearance  of 

the  trees  attacked. 
....    5.    It  feeds  upon  the  foliage  of  many  types  of 

plants  as  an  adult  as  well  as  on  the  "roots  of 

many   plants   in   the   larval  stage* 
 6,  The  adults  appear  in  June  and  lay  their  eggs 

in  the  ground. 
  7.   The  adults  are  approximately  12.5  mm  long 

and  bronzy  green  in  color. 


A28.  Associate  four  mining  defoliators  with  iheir 
descriptions* 


Mining  Defoliators.  Leaf-mining  insects  consume 
the  tissues  between  the  upper  and  lower  surfaces  of 
leaves  and  needles.  On  deciduous  trees,  miners  make 
blotchlike  or  irregular  serpentine  mines,  thus 
producing  brown  patches  or  blotches  on  leaves.  When 
numerous,  they  kill  the  leaves  and  thus  disfigure  the 
plant  or  tree.  On  conifers,  the  needles  are  hollowed 
out.  and  the  dried,  mined  needles  have  a  scorched* 
sickly  appearance,  When  leaf  miners  Are  numerous, 
growth  of  plants  and  trees  is  retarded,  and  at  times,  lhe 
plants  and  trees  may  be  killed, 

Holy  leaf  miner.  Holly  leaf  miners  are  the  larval 
stage  of  a  small  dark  or  yellowish  fly.  The  maggots  are 
less  than  4.7  mm  long*  with  whitish,  cylindrical,  soft* 
legless  bodies.  The  head  is  indistinct  and  is  located  at 
the  pointed  end  of  lhe  body.  The  mouthparts  consist  of 
one  or  two  parallel,  toothed  hooks.  The  pupae 
hibernate  over  the  winter  within  the  leaf  mines. 

Arhorvitae  leaf  miner.  Arborvitae  leaf  miner  is  lhe 
larval  stage  of  a  small  gray  moth  with  a  wingspread  of 
only  8.3  mm.  The  larvae  are  5  mm  long,  green  with  a 
reddish  tinge  and  black  head,  and  short  bristles  across 
i  he  back  of  each  segment.  The  larvae  mine  the  terminal 
leaves  by  eating  out  the  inside,  The  mined  tips  turn 
yellow  or  whitish  and,  finally,  brown,  and  stand  out 
prominently  against  the  normal  green  foliage.  In 
severe  cases,  all  the  foliage  is  mined,  and  the  shrubs 
turn  brown  all  over.  The  moths  emerge  in  May  and 
June  and  lay  their  eggs  in  late  June. 


9 


Basswood  leaf  miner.  The  basswood  leaf  miner  is 
the  larval  stage  of  a  small,  reddish-yellow, 
wedgeshaped  beetle*  which  passes  the  winter  under  ^ 
leaves  and  trash  of  the  tree.  It  becomes  active  in  May, 
skeletonizing  the  foliage.  Eggs  are  laid  singly  in 
feeding  areas  and  covered  with  excrement.  The  larvae 
start  feeding  into  the  leaves  in  single  mines;  then 
several  join  together  in  a  common  mine.  Spiny  pupae 
appear  in  the  mines  in  August,  The  beetles  emerge  to 
do  more  feeding  before  hibernation  for  winter  begins. 

Birch  leaf  miner.  The  birch  leaf  miner  is  an 
important  sawfly.  It  was  first  discovered  in 
Connecticut  in  1923.  It  is  now  a  major  pest  of  birch  in 
New  England,  New  York,  New  Jersey,  Pennsylvania, 
anfl,  recently,  Oregon.  Infested  trees  look  as  if  they 
had  been  blighted  by  disease. 

The  mature  larva  is  6.2  to  12.5  mm  long,  rather  Hat, 
and  whitish  with  black  spots  on  the  underside  of  the 
thorax  and  first  abdominal  segments.  This  miner 
passes  the  winter  in  a  cell  in  the  soil.  The  adult  is  a 
black  sawfly,  1.5  mm  long;  it  emerges  in  the  spring 
about  the  time  leaves  are  half  open  and  lay  its  eggs  in 
the  new  leaves.  The  larvae  first  make  small,  gray, 
kidney-shaped  blotch  mines  in  the  leaf.  Gradually, 
half  of  the  leaf  turns  brown.  There  are  several 
generations,  with  the  female  sawflies  laying  eggs 
always  in  the  newly  developing  leaves.  Hence,  lhe  first 
brood  is  the  worst,  when  all  the  leaves  are  new.  The 
later  broods  infest  mostly  ends  of  branches  of  water 
sprouts. 

Exercises  (A2S): 

Match  the  statements  in  column  B  with  the  pest  in 
column  A, 


Column  A 


  L 


Hotly  leaf 
miner. 
Arborvitae 
leaf  miner, 
Bui  wood 
leaf  miner. 
Birch  leaf 
miner. 


Column  & 

Is  ihe  larval  stage  of  a  small  reddish* 
yellow  wedge-shaped  beeile  which 
passes  the  winter  under  leaves  and 
iraih  of  Che  tree. 

The  larval  stage  of  a  small,  dark  or 
yellowish  fly.  "The  maggots  are  less 
than  4.7  mm  long,  with  whitish, 
cylindrical,  soft,  kg  J  ess  bodies. 
Infested  trees  look  as  if  ihey  had  been 
blighted  by  disease,  The  mature 
tarvae  is  6.2  to  12.5  mm  long,  rather 
flat,  and  whitish,  with  blaek  spots  on 
the  underside  of  the  thorax  and  first 
abdominal  segment*. 
Is  the  larval  stage  of  a  small  gray 
molh  wilh  a  wing  spread  of  onty 
8J~mm_ 


Complete  given  statements  concerning 
measures  that  you  can  take  to  control  ornamental 
defoliators* 

Control  of  Ornamental  Defoliators*  When  you  are 
controlling  these  pests  with  insecticides,  always  make 
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sure  that  the  insecticide  is  approved  for  the  use 
intended.  Appendix  A  of  the  supplement  to  Volumes 
4,  5*  6,  and  7  provides  you  with  a  list  of  chemicals  that 
are  recommended  for  controlling  these  pests,  but  you 
must  always  read  the  label  of  the  container  to  see  for 
sure  if  you  can  use  it. 

Common  leptdoptera  defoliators  and  skeletonizing 
defoliators  are  easily  controlled  with  insecticidal 
sprays  and  dusts. 

Leafund  needle  miners  often  are  difficult  to  control 
because  they  are  concealed  between  the  layers  of  the 
leaf.  ^Insecticidal  sprays  are  effective;  however,  you 
must  provide  thorough  coverage  and  repeat  the 
treatment  when  necessary,  Light  infestations  ofneedle 
miners,  may  be  controlled  by  hand  pickin  g  infested 
needles  or  twigs  from  the  tree. 

Insects  in  webbed  tents  and  in  roiled  and  tied  leaves 
usually  can  be  controlled  by  the  insecticidal  Sprays 
recommended  for  general  defoliators.  Mechanical 
methods  also  are  useful  when  infestations  are  confined 
to  individual  trees  or  single  limbs  or  branches. 
Destruction  of  wild  cherry  trees,  a  preferred  host  of  the 
eastern  tent  caterpillar,  is  helpful  in  reducing  the 
populations  of  this  pest.  Tents  on  other  trees  can  be 
pruned  of  rand  destroyed  or,  on  occasion*  burned  in 
place.  The  removal  and  destruction  of  rolled  and  tied 
leaves  also  is  effective  in  controlling  light  infestations 
on  individual  ornamentals. 

Bagworms  are  readily  controlled  by  handpicking 
bags  from  affected  hosts.  In  situations  where 
handpicking  is  not  feasible,  control  can  be  achieved 
with  insecticidal  sprays.  Chemical  control  is  effective, 
however,  only  in  the  spring  and  early  summer  months 
when  the  bagworms  are  feeding  and  thus  are 
vulnerable  to  the  toxic  sprays, 

Exercises  (A  19): 

1.  Insects  in  webbed  tents  and  in  rolled  and  tied 
Leaves  usually  can  be  controlled  by  the  insecticidal 
sprays  recommended  for-  . 

2.  Leaf  and  needle  miners  often  are  difficult  to 
control  because  they  are  concealed  between  the 


3.  Bagworms  are  readily  controlled  by  

bags  from  affected  hosts. 

4.  When  controlling  ornamental  defoliators  with- 
insecticides,  always  insure  that  the  insecticide  is 
approved  , 


For  the  most  pan,  both  adults  and  larvae  live  in  the 
bark  or  wood  of  trees.  Many  species  confine  their 
attack  to  pines,  although  other  conifers  and 
hardwoods  often  are  affected. 

Bark  beetles  and  engravers  are  small*  black  or  dark 
brown,  cylindrical  beetles.  They  are  usually  less  than 
6.2  mm  long,  The  larvae  are  small,  soft,  white  or  O 
yellowish -white,  legless,  strongly  curved  grubs.  Most  2) 
species  are  found  between  the  bark  and  the  wood 
along  the  stem"  of  the  trees.  Some  bark  beetles, 
however  feed  entirely  in  the  corky  layer  of  outer  bark. 
Ycu  can  recognize  all  of  the  bark  beetles  and  engravers 
by  the  characteristic  pattern  of  winding  galleries 
constructed  by  adults  or  larvae  in  the  cambium  tissues 
beneath  the  bark.  The  engravers*  as  the  name  implies, 
etch  the  wood  beneath  the  bark  in  the  construction  of 
their  galleries.  Bark  beetles,  however,  do  not  score  the 
wood.  Attacked  trees  are  quickly  killed  and  foliage 
soon  turns  a  sickly  yellow*  red.  and  brown  and  finally 
the  needles  fall  to  the  ground. 

Control  of  bark  beetles  and  engravers  is  primarily 
prevention  because  attacked  trees  usually  are  quickly 
killed  and  cannot  be  saved.  Individual  trees  can  be 
protected  against  attack  by  spraying  bark  surface  of 
stems  with  an  approved  insecticidal  emulsion.  Trees 
damaged  through  neglect  and  carelessness  are  highly 
attractive  to  bark  beetles  andengravera.  Measures 
taken  to  avoid  this  damaJBwill  decrease  the 
probability  of  attack  by  bark  Beetles  and  engravers. 
Cutting  and  destroying  trees  Previously  killed  by  bark 
beetles  will  also  lessen  the  possibility  of  attack  of 
surrounding  shade  trees. 

Exercises  (A3C): 

Mark  each  of  the  following  statements  **P*  for  true 
and  "F"  for  false, 

  1.  Bark  beetles  and  engravers  are  major  pests  of 

coniferous   trees    in   forested  areas. 

 2.   Bark  beetles  and  engravers  are  small,  black  or 

brown,  cylindrical  beetles,  usually  less  than 
6.2  mm  long. 

—  3.  Bark  beetles  score  the  wood. 

 4.  The  engravers  etch  the  wood  beneath  the  bark 

in    the    construction    of   their  galleries. 

 5.  Individual  trees  can  be  protected  against 

attack  by  spraying  bark  surface  of  stems  with 
an   approved   insecticidal  emulsion. 

 6.   Attacked  trees  are  quickly  killed. 


A30.  Identify  given  statements  pertaining  to  the 

importance,  description,  and  control  of  bark  beetles,  A31,  Give  details  of  borer  damage  and  state  how  to 

as  true  or  false;                                          f  control  the  ornamental  borers. 

Importance,  Description,  and  Control  of  Bark  Ornamental  Borer  Damage.  The  larvae  of  some 

Beetles.  Bark  beetles  and  engravers  are  major  pests  of  beetles  and  moths  are  borers  in  the  woody  tissue  of 

coniferous  trees  in  foresied  areas.  Forest  trees  serve  as  ornamentals.  They  are  a  constant  threat  to.  and 

the  breeding  place  for  most  species.  Ornamentals  that  serious  pests  of.  these  plants.  Borers  attack  a  wide 

are  usually  foresi  trees  but  are  growing  under  variety  of  ornamentals  and  shade  trees,  especially 

unnatural  conditions  often  are  attacked  and  killed.  dogwood,  lilac, apple, ash.  birch,  rhododendron,  pine, 
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locust,  maple,  sweetgum,  and  oaks.  Since  infestations 
usually  begin  in  weakened  trees,  the  damage  caused  by 
wood  borers  often  goes  unnoticed  until  serious  injury 
develops.  Injury  is  caused  by  larvae  tunneling  under 
bark  and  into  the  wood.  Some  confine  their  attack  to 
the  sapwood  of  the  trunks,  decreasing  the  vigor  of  the 
host  plant  and  causing  foliage  to  wilt.  Others  bore  into 
the  heartwood  of  trees.  Still  others  hollow  branches 
and  twigs.  Wilting  Leaves  on  individual  branches  or 
twigs  are  suggestive  of  their  work.  The  twigs  or 
branches  eventually  die  and  are  broken  by  the  wind. 
Dangling  dead  branches  become  conspicuous.  Close 
examination  of  trees  attacked  by  borers  usually 
reveals  fine  boring  dust  being  pushed  from  the  holes  by 
the  larvae  as  they  extend  their  tunnels.  Severe 
infestations  may  result  in  the  girdling  and  eventual 
death  of  the  tree  attacked. 

Control,  Since  the  larvae  are  well  protected  within 
the  bark  and  wood,  control  of  borers  is  very  difficult. 
There  are.  however,  a  number  of  remedial  measures 
that  you  can  take.  Since  infestations  usually  start  in 
weakened  trees,  cultural  methods  of  control  are  often 
effective.  Application  of  fertilizers  monthly  and 
frequent  watering  of  weakened  or  newly  transplanted 
trees  will  increase  plant  vigor  and  help  them  to 
overcome  attacks  to  some  extent.  Wrapping  the 
trunks  of  newly  transplanted  trees  with  paper  or 
burlap  will  lessen  the  chance  of  attack.  In  the  early 
spring,  pruning  and  burning  and  dying  Or  unthrifty 
twigs  or  branches  containing  borers  will  reduce 
infestations'.  Preventing  inadvertent  damage  to  the 
bark  through  carelessness  will  also  be  helpful  in 
lessening  the  chance  of  attack  by  borers. 

Borers  within  the  wood  or  bark  can  be  killed  by 
injecting  carbon  disulfide,  paradichloroben/ene.  or 
ben/cne  hexachloride  pasie  into  the  tunnels  and 
sealing  the  openings  with  putty,  Overwintering  borers 
living  just  beneath  the  bark  of  infested  trees  can  be 
killed  by  applying  such  an  insecticidal  residua)  as  a 
bark  wash  in  ihe  spring. 


Exercises  (A31): 

1.  The  larvae  of  < some  beetles  and  moths  are  . 

 in  the  Woody  tissue  of  ornamentals. 

2.  Injury  fs  caused  by  larvae  

 and  into  the  

3.  Close  examination  of  trees  auacked  by  borers 

usually  reveals  

being  pushed  from  the  holes  by  the  

as  they  extend  their  . 

4.  Wrapping  the  trunks  of  newly  transplanted  trees 
<   with  or  mil  Jessen  the 

chance  of  

5.  Borers  within  the  wood  or  bark  can  be  killed  by 

injecting  :  . 

 or  

>    paste  into  the  and  sealing  the 

openings  with  


516 


A32,  Associate  given  sapsuckers  with  their 
descriptions  and  the  control  measures  used  on  them. 

Description  and  Control  of  Ornamental 
Sapsuckers.  Many  insects  and  some  other  arthropods 
feed  oniy  on  plant  sap.  Spotting,  discoloration, 
malformation,  and  general  devitalization  of  the 
foliage,  twigs,  or  other  plant  parts  arc  caused  by 
insects  and  mites  that  have  mouthparts  adapted  for 
piercing  plants  and  extracting  sap.  Solid  parts  of  the 
plants  are  never  consumed.  The  injury  consists  of 
enlarged  growth  (galls):  foliage  disturbances,  such  as 
bleaching  or  yellowing:  or  deformations,  such  as 
curling.  ALL  parts  of  all  plant  species  are  subject  to 
attack  by  these  pests,  but  usually  a  given  species  infests 
oniy  a  particular  piant  part.  Most  sapsucking  insects 
belong  to  the  orders  Hemiptera  and  Homoptera,  but 
some  are  mites  (class  Arachnid  a)  and  many  of  the  gall 
formers  are  wasps  (Hymenoptera)  and  flies  (Diptera). 

Aphids.  Aphids  are  sapsucking  insects  that  cause  a 
general  devitalization  oft  he  part  of  the  plant  fed  upon. 
When  feeding  is  sufficiently  intense  and  continuous* 
branch  killing  and  even  tree  killing  results,  Aphids 
commonly  produce  large  quantities  of  honeydew; 
sometimes  during  heavy  infestations,  the  excreted 
liquid  may  appear  as  mtst  falling  from  the  tree.  This 
honeydew  often  spots  or  forms  a  glistening  coat  on  the 
Leaves,  cars,  and  other  objebts  Located  below.  Various 
insects  utilize  honeydew  as  food.  Some  species  of  ants 
also  care  for  and  protect  the  aphids.  even  moving  them 
to  new  feeding  areas,  thereby  forming  a  mutually 
beneficial  relation. 

The  adult  aphids  are  small  insects.  0.8  to  6.2  mm 
long,  with  delicate,  soft,  globular  to  pear-shaped 
bodies  that  are  colored  variously  yellow,  red,  green, 
gray,  blue,  or  black.  The  adults  occur  as  both  winged 
and  wingless  forms;  the  winged  forms  have  two  pairs 
of  delicate  membranous  wings  that  are  usually  held 
rooflike  over  the  body.  There  are  three  pairs  of  long, 
slender  thoracic  legs  with  two-segmented  tarsi.  The 
antennae  are  prominent  and  threadlike,  with  three  to 
six  segments.  The  beak  appears  to  arise  from  between 
the  front  legs.  The  nymphs  resemble  adults  in  most 
characteristics  except  that  they  are  smaller  in  size, 
always  lack  wings,  and  are  sexually  immature. 

The  life  cycle  of  some  aphids  is  simpie,  whereas 
others  have  a  complex  type  of  development.  The  latter 
can  be  outlined  in  a  general  way  as  follows.  They  pass 
the  winter  as  eggs  on  the  primary  host  plant.  The  eggs 
hatch  in  the  spring  to  produce  nymphs-,  which  all 
mature  as  wingless  females.  They  reproduce  without 
mating  (parthenogenesis),  and  some  ( Aphididae)  give 
birth  to  living  young  ( viviparous),  whereas  others 
fAdelgidae)  always  lay  eggs  (oviparous).  Several 
additional  similarly  produced,  asexual  wingless 
generations  may  be  produced  on  the  primary  host 
before  a  winged  asexual  generation  develops,  These 
migrate  to  the  secondary  host  plant,  where  wingless 
females  are  produced  again  for  a  number  of 
generations,  A  second,  winged,  migrating  generation. 


consisting  solely  of  females,  develops  later  in  the  year, 
and  these  return  to  the  primary  host  plant.  A  bisexual 
generation  then  develops.  These  mate,  and  each 
female  lays  one  overwintering  egg.  See  Appendix  A  of 
ihe  supplement  to  Volumes  4,  5,  6,  and  7  for  pesticide 
recommendations* 

Scale  insects.  Scale  insects  are  so  called  because 
many  species  secreie  a  scalelike  wax  coating  over  their 
backs,  and  others  resemble  bark  scaler.  These  insects 
cause  general  devitalization  and  death  of  the  infested 
parts  by  extracting  plant  sap  and  by  injecting  toxic 
saliva  into  the  host  plant  tissues.  Different  species 
attack  different  parts  of  the  hosts,  but  most  infest  the 
twigs  and  smaller  branches.  The  soft  scales  frequently 
produce  large  amounts  of  honeydew,  which  attracts 
nectar- feeding  insects.  The  honeydew  that  is  not  used 
falls  on  the  leaves,  twigs,  and  branches  located  below, 
where  it  forms  a  medium  on  which  black  sooty  molds 
grow.  Only  a  few  species  are  troublesome  forest  pests, 
but  many  are  injurious  to  shrubs  and  to  shade  and 
ornamental  trees.  A  few  species  produce  useful 
products,  such  as  shellac;  and  lit  past  times,  some  scale 
insects  were  the  sole  source  of  certain  brilliant  dyes. 

In  the  adult  female,  the  body  may  be  flattened, 
globular  hemispherical  saclike,  elongated,  or 
circular.  Sometimes  it  is  covered  with  wax  in  the  form 
of  powder,  cotiony  masses,  or  a  continuous  scalelike 
Layer  The  females  are  always  wingless,  and  the  legs, 
antennae,  and  compound  eyes  are  reduced  or  absent. 
Most  species  are  sedentary  and  cannot  move  from  the 
place  where  they  settle  after  ihe  crawler  stage.  The 
males,  though  seldom  observed,  usually  have  a  pair  of 
membranous  wings.  The  legs  are  well  developed,  the 
antennae  are  long,  with  6  to  13  segments,  and  the  beat 
is  absent.  The  nymphs  of  the  firsi  instar  (crawlers)  of 
b^Jjsexes  have  Legs,  antennae,  functional 
mouiKparts,  and  are  mobile;  other  nymphal  instars  of 
both  sexes  are  scalelike,  with  male  scales  being  smaller 
and  often  more  elongate.  Most  species  lay  eggs,  but  a 
few  reproduce  by  giving  bijth  to  living  young 
(viviparous).  The  crawlers  disperse  to  new  places  on 
the  same  host  plant  or  get  carried  to  new  host  plants  by 
wind,  birds,  or  Other  animals.  There  may  be  one  to 
three  additional  instars  and  one  to  six  generations  per 
year,  depending  on  the  species  and  the  length  of  the 
summer  season.  Insecticides  are  seldom  used  for 
protecting  forest  trees  but  commonly  are  used  on 
shrubs  and  shade  trees.  Mineral  oils  (3  percent 
emulsions)  can  be  used  as  dormant  sprays  on  most 
decidous  trees  except  walnut,  beech,  and  sugar  maple, 
which  are  injured  by  oils.  The  heavy,  dormant  oil 
sprays  also  may  injure  evergreens;  therefore,  only  the 
Lighter,  milder,  summer  oil  emulsions  are  suitable. 
Dormant  oils  are  best  applied  in  the  early  spring 
before  the  buds  begin  io  expand,  but  during  a  time 
when  the  temperature  does  not  drop  below  freezing  for 
at  [east  24  hours  following  application.  See  Appendix 
A  of  the  supplement  io  Volumes  4,  5,  and  7  for 
pesticide  recommendations, 

Meatyhu^s.  Mealybugs  are  closely  related  to  the 
scale  insects.  They  are  small  in  si/e  and  are  covered 


with  a  soft  and  fine,  whitd  granular  material  which 
forms  long  cottonylike  threads  over  the  body. 
Mealybugs  damage  hosts  by  sucking  juices  from 
plant  sin  much  the  same  manne&ag  is  done  by  the  scale 
insects.  ' 

There  insects  can  be  controlled  effectively  by  using 
the  same  methods  as  described  foraphids  in  Appendix 
A  of  the  supplement  to  Volumes  4,  5,  6,  ftjnd  7. 

Spider  mites.  Spider  mites  are  minute,  reddish  or 
yellowish  spiderlike  arthropods  barely  visible  to  the 
naked  eye.  Their  bodies  are  rounded,  shiny,  and 
covered  with  fine  hairs. 

Spider  mites  infest  most  ornamental  plants  and 
many  shade  trees,  They  feed  by  sucking  juices  from  the 
underside  of  leaves  and  tender  parts  of  plants.  The 
result  of  their  feeding  is  a  stippled  appearance  of  the 
foliage,  which  later  discolors  and  dies.  The  lower 
surfaces  of  leaves  on  infested  plants  have  a  residue  of 
cast  skins,  eggs,  and  webbings. 

Spider  mites  can  be  controlled  io  some  extent  by 
destroying  weeds  and  brush  adjacent  to  ornamental 
plants.  Chemical  controls  would  be  the  same  as  for 
aphids  and  mealybugs. 

Lea/hoppers.  Leafhoppers  are  very  small,  slender, 
delicate  insects.  The  adults  are  variously  colored  and 
hold  their  wings  over  the  back  in  tentlike  fashion.  They 
are  very  active  and  hop  a  considerable  distance  when 
disturbed. 

Leafhoppers  attack  a  wide  variety  of  grasses, 
shrubs,  and  shade  trees.  They  injure  plants  in  various 
ways.  The  sucking  of  plant  juices  causes  a  withering 
and  curling  of  the  leaves,  the  killing  of  tender  tips,  and 
the  dying  of  [he  edges  of  leaves,  Some  species  transmit 
plant  diseases,  mor  so  to  cultivated  crops  than  to 
ornamental  and  shade  trees. 

Controlling  leafhoppers  involves  the  same  measures 
as  for  aphids.  You  can  find  the  pesticides  in  Appendix 
A  of  the  supplement  to  Volumes  4,  5,  6.  and  7, 

Spittlebugs.  Adult  spittle  bugs  resemble 
leafhoppers  in  appearance*  except  they  are  more 
heavily  bodied.  The  name  is  commonly  applied  to  the 
nymphs,  which  secrete  a  frothy  protective  foam 
around  themselves. 

Spittlebugs  are  pests  of  ornamentals  and  conifers. 
Some  species  have  alternate  hosts  in  nymphal  and 
adult  forms.  They  suck  large  quantities  of  sap  from 
plants  and  cause  numerous  small  pinholes  in  phloem 
and  bark  tissues.  Needles  of  heavily  infested  trees  turn 
brown,  and  twigs  and  branches  are  killed,  In  severe 
infestations,  hosts  may  be  killed  in  2  to  3  years. 

To  control  spittlebugs,  follow  the  control  outlined 
in  Appendix  A  of  supplement  to  Volumes  4, 5, 6,  and  7 
for  aphids, 

Lacehugs.  Lacebugs  are  small,  rectangular  insects 
with  an  expanded  prothorax  extended  and  rounded, 
resembling  a  hood.  The  outer  pair  of  wings  are 
strongly  veined  and  lacelike  and  are  held  flat  over  the 
back.  The  nymphs  are  frequently  covered  with  spines. 

Lace  bugs  attack  many  shrubs  and  shade  trees,  Tbe 
adults  and  nymphs  feed  by  suck  in  g^Ju  ices  from  their 


hosts,  usually  from  the  undersurface  of  leaves. 
Damaged  leaves  have  a  spoiled,  grayish  appearance 
on  top  and  a  black,  shiny,  varnishiike  e&crelmenl  and 
cast  skins  on  the  undersides,  Severe  infeslalion  cause 
leaves  to  turn  brown  and  finally  to  drop. 

Lacebugs  can  be  com  rolled  effectively  by  following 
the  procedures  outlined  for  aphid!)  in  Appendix  A  of 
supplement  to  Volumes  4/5,  6,  and  7, 

Thripy  Thrips  are  very  smalJ  insects  varying  in  size 
from  less  than  10  to  J  ,6  mm  in  length,  They  are  slender 
and  usually  are  blackish,  brownish,  or  yellowish,  Most 
flowering  plants  f.  id  shrubs  are  subject  to  attack  by 
thrips.  They  feed  on  the  tissue  of  the  foliage,  buds, 
flowers,  and  bulbs  by  puncturing  the  surface  and 
sucking  juices  from  the  part  attacked.  Buds  may  faiJ  to 
open.  Flowers  may  be  deformed,  blotched,  or 
areaked.  Foliage  attacked  loses  its  rich  colors  and 
develops  a  characteristic  yellowish  or  silvery 
appearance.  Usually,  the  foliage  does  not  drop 
prematurely;  therefore,  the  off-color  appearance 
generally  lasts  until  the  end  of  the  reason.  Jn  addition 
to  the  damage  mentioned  above,  some  species  are 
known  to  carry  certain  virus  diseases  of  flowering 
plants. 

Control  of  thripf  is  difficult  because  the  minute 
insects  hide  in  the  sheaths  of  leaves  and  flower  stems  as 
well  as  within  the  flowers  themselves.  It  is  difficult  to 
reach  them  with  sprays,  and  repeated  applications  are 
uften  required. 

Exercises  (A 32): 

Match  the  statements  in  column  B  with  the  pests  in 
column  A.  More  than  one  statement  may  apply  to 
each  pest,  Refer  to  Appendix  A  when  necessary. 


APhids, 
Scale  Insects, 
Mealybugs 
Spider  mites 
Leaftlupperx 
Spiiilebug*. 
LacebugS 
Fhript 


Can  be  controlled  by  usmg,  mala- 

thitjfi,    Cmcr   foliage  thoroughly, 

including  underside 

Can    be    controlled    by  using 

dirneihoale     Cover    f  o  1 L  4  £  e 

thoroughly. 

They  are  reddish  or  yellowish 
arihrnpods  barely  visible  to  the 
naked  eve  Their  bodies  are  rounded, 
*hin>,  and  Levered  \tilti  Einr  hairs 
A  te*  species  produce  uietul 
product*  iuch  a»  shellac,  and"  in  [he 
pasi  *omr  wrre  Ttir  sole  source  M 
certain  brilliant  dyes 
Are  *  mall,  rectangular  tnsrcis  withau 
expanded  proihorax,  extended  and 
TDunded.  resembling  a  hood. 
Resemble  Uttfhoppert  in  appearance, 
except  lhe\  are  more  heavilv  bodied 
The>  ire  vlmdee  and  inualK  are 
hkurkish.  brownish,  or  t'elLowixh, 
Vfmt  flowering  plants  and  <>hruhvare 
suhitvr  Co  their  ailatk 
\  en  *null.  lender,  delicate  irweci* 
fhr  adults  arr  \ariouily  colored  and 
hotd  their  wmg>  inenhe  back,  m  tenT- 
like  la^huin 


i-  Thev  arc  small  and  ure covered  wiLh  a 
toft  and  fine,  while,  granular  mat  enal 
which  forma  collonylike  threads  over 


the  body, 


A33.  Complete   given  statements  concerning 
description*  d  image,  and  control  of  ornament  it  i  gflll 
forming  p«ls, 


the  \ 


Importance*  Description*  and  Control  of 
Ornamental  GaJI  Formers.  Most  of  the  gall- 
producing  insects  are  wasps  (Hymenoptera; 
Cynipidae)  or  midges  (Diptera;  Cecidomyiidae),  but 
galls  are  aJso  caused  by  aphids,  chermids.  and 
phylloxera  (Homoptera,  Aphid  id ae,  Chermidae,  and 
Phylloxeridae),  mites  (Arachnida),  and  even  the 
larvae  of  some  beetles  (Coleoptera*  Buprestidae*  and 
Ccrambycidae),  Many  species  of  these  pests  are  able  to 
stimulate  plant  tissues  so  the  abnormal  swellings 
(galls)  are  formed  on  the  leaves,  twigs,  or  roots.  These 
galls  vary  in  size*  shape,  and  structure  according  to  the 
species  of  pest  and  plant  involved*  therefore,  specific 
identification  usually  can  be  made  solely  from  the 
characteristics  of  the  galls.  Insect  galls  can  be 
differentiated  from  other  types  of  galls  because  they 
contain  one  or  more  chambers  or  depressions  in  which 
the  insects  are  or  have  been.  Sometimes*  the  insects 
become  completely  enclosed  by  the  plant  tissues; 
whereas  for  other  species,  there  is  at  least  one  opening 
to  the  outside.  Galls  on  trees  seldom  cause  serious 
damage,  but  they  sometimes  make  shade  trees 
unsightly.  All  species  of  plants  are  attacked*  but  the 
oaks,  hickories,  poplars,  spruces,  and  hackberries  are 
most  commonly  infested.  The  life  cycle  of  these  gall 
formers  are  diverse  and  sometimes  complex.  The 
adults  commonly  appear  earJy  in  the  springat  the  time 
plant  growth  starts,  so  that  larval  growth  and  the 
resulting  gall  formations  occur  during  the  period  of 
most  active  Jeaf  and  lerminaJ  plant  growth.  Only 
rarely  are  control  measures  used  against  gall  formers. 
See  Appendix  A  of  supplement  to  Volumes  4. 5. 6,  and 
7  for  pesticide  recommendations. 


Exercises  (A33v 

1.    Most  of  the  gall-producing  insects  are. 
,  or  . 


2.    Many  species  of  these  pests  are  able  to. 


plant  tissues  so  that  abnormal 
—  4  galls)  are  formed  on  the 

 ,  or  

  on  trees  seldom  cause  serious 


damage,  but  they  sometimes  make  shade  trees 


To  control  wasps  indoors,  you  would  use  

 and  apply  it  at  or  in 

  when  the  pests  are  leasl 


early  _ 
activc- 

Insect  giilh  L'an  be  differentiated  from  other  types 

ot  galls  because  l hey  contain  one  or  more  

  or    in  which  the 


insects 


.  or 
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Dbcrlmlnate  between  correct  »nd  Incorrect 
statements  pertaining  to  the  overall  survey  and  control 
methods  Tor  ornamental  pe»ts. 

Overall  Survey  and  Control  Methods  Tor 
Ornamental  P«ls.  The  first  essential  for  effective 
control  of  insect  pests  is  vigilance  and  an  interest  in 
Looking  for  insects  and  signs  of  their  damage.  To 
defect  the  presence  of  insects  before  they  cause  serious 
damage  to  valuable  trees  and  shrubs,  you  should 
carefully  examine  the  plants  at  least  once  a  week 
during  the  growing  season-  You  should  examine 
deciduous  trees  in  winter  atso,  when  you  can  see  scale 
insects  more  .easily  than  when  the  trees  are  in  leaf. 

Td  control  ornamental  pests  effectively  and 
economically,  you  first  must  identify  the  pests  and  the 
host  plants.  Then,  select  your  insecticides,  prepare  the 
correct  dosages,  decide  on  the  proper  application,  and 
select  your  equipment. 

Selection  of  insecticides.  Selection  of  insecticides 
usually  follows  three  basic  rules.  Use  a  stomach 
insecticide  for  pests  with  chewing  mouth  pans-  use  a 
contact  insecticide  for  those  with  sucking  mouthparts: 
and  use  a  fumigant  for  larvae,  such  as  wood  borers. 

In  order  to  simplify  instructions  and  to  avoid 
complicated  storage  problems,  select  and  restrict  the 
number  of  insecticides  to  the  lowest  feasible  minimum 
consistent  with  effective  results. 

Preparation  of  correct  dosages  and  the  proper 
application  of  insecticides.  Insecticides  that  are 
effective  in  the  destruction  of  pests  are,  with  few 
exceptions,  toxic  to  humans.  This  is  also  true  of  most 
of  ihe  solvents  used  in  the  preparation  of  insecticides. 
However,  no  serious  effects  will  normally  result  to 
control  operators  or  to  human  and  animal 
populations  exposed  to  the  treated  environments  if 
insecticides  and  application  rates  given  in  Appendix  A 
„  of  supplement  to  Volumes  4,  5,  6.  and  7  are  followed, 
and  if  pesticides  are  applied  only  by  or  under  the  direct 
supervision  of  trained  and  certified  personnel  as 
required  by  Department  of  Defense  directives. 

Spray  injury  may  occur  when  plants  are  sprayed 
under  improper  conditions.  Avoid  Injury  of  this  kind 
by  taking  the  following  precautions. 

•  Do  not  apply  dormant  oil  sprays  in  the  laJL 
Apply  dormant  oil  sprays  from  January  I  until 
buds  swell  in  the  spring. 

•  Do  not  apply  dormant  oil  sprays  during  sudden 
drops  of  temperature  to  below  freezing.  A  good 
rule  to  follow  is  to  apply  dormant  oil  sprays  only 
when  the  temperature  is  above  40°  F  (4.48°  C). 

•  Do  not  apply  dormant  oil  sprays  on  maples- 
beeches,  walnuts,  or  Japanese  flowering  cherry 
tree*  of  the  verities  Yoshino,  Akebono,  and 
Benihigan*  which  are  sensitive  to  oil  injury. 

•  Do  not  spray  summer  oils  when  the  temperature 
is  above  Ktr  F  <29.68°  O*  particularly  under 
high  humidity  and  drought  conditions. 

Srfei'twn  of  equipment.  Spraying  and  dusting 
equipment  vanes  in  size  and  iype  from  the  imall 


dusters  and  knapsack  sprayers  that  are  suitable  fora 
few  small  shrubs  to  large  mechanical  dusters, 
hydraulic  sprayers*  mist  blowers,  airplanes,  and 
helicopters  that  are  used  on  large  shade  trees  and 
forested  areas.  >* 

Dutting  of  insecticides  in  some  cases  may  be  less 
troublesome,  but  it  is  effective  against  fewer  insect 
pests.  Sprays  and  mists  have  a  distinct  advantage  over 
dusts  In  that  the  loss  from  drift  is  less  became  they 
adhere  better  to  plants. 

Hydraulic  sprayers  and  mist  blowers,  in  most  cases, 
complement  rather  than  replace  each  other.  Each  has 
its  particular  advantages  in  the  application  of  spray 
materials.  For  example,  the  spray  hose  gives  the 
hydraulic  sprayer  much  more  maneuverability  for 
spraying  in  congested  areas,  around  plantings,  or  in 
areas  inaccessible  to  heavy  equipment.  The  mist 
blower,  however*  has  the  advantage  over  the  hydraulic 
sprayer  in  spraying  along  streets,  parkways,  and  open 
areas  where  ample  space  is  provided  for  maneuvering 
the  equipment.  Under  these  conditions*  the  mist 
blower  can  spray  large  trees  more  rapidly  and  at  lower 
cost  than  the  hydraulic  type  of  sprayer.  Wind  is  more 
of  a  hindrance  in  spraying  with  the  mist  blower  than 
with  the  hydraulic  sprayer.  The  tops  of  tall  trees  can  be 
sprayed  satisfactory  with  the  mist  blower  only  where 
there  is  relatively  little  wind.  More  skill  is  required  on 
the  part  of  the  operator  in  obtaining  proper  spray 
coverage  with  the  mist  blower  than  with  the  hydraulic 
sprayer.  ^This  is  because  of  the  wind  factor  and 
relatively  low  volume  of  concentrated  spray  material 
used  for  obtaining  spray  coverage  by  the  mist  blower 
as  compared  to  the  large  volume  of  dilute  spray 
applied  by  the  hydraulic  sprayer.  Separate  and  mark 
all  spraying  equipment  that  you  use  to  apply 
herbicides,  including  hoses  and  nozzles.  Do  not  use 
this  equipment,  for  spraying  insecticides  on  trees  and 
shrubs. 

Protection  of  automobiles.  When  you  mxfex  spray 
in  areas  where  cars  are  parked,  put  an  announcement 
in  the  Daily  Bulletin  or  other  station  publication  and 
post  proper  warning  signs  at  least  I  day  before  the 
spray  operation.  These  notices  should  give  the  car 
Owners  ample  time  to  part  their  cars  elsewhere  during 
the  period  of  spraying. 

Recommendations  for  ornamental  pest 
control.  Trees  and  shrubs  that  are  maintained  in  a 
healthy  growing  condition  are  less  likely  to  become 
seriously  damaged  by  insect  pests  than  those  that  are 
suffering  from  injury  caused  by  improper  pruning, 
mowing,  cultivation,  lack  of  water,  low  soil  fertility, 
and  poor  soil  condition. 

To  assist  in  maintaining  trees  and  shrubs  in  a 
healthy  condition,  it  is  often  necessary  to  take 
preventive  measures  to  protect  them  from  harmful 
insect  pests.  Under  forest  conditions,  these  losses  are 
usually  offset  by  the  regeneration  of  new  plants,  but 
under  cultivated  conditions,  costly  replanting  is 
necessary.  Careful  selection  of  plant  materials  thai  arc 
healthy,  vigorous,  and  resistant  to  insect  attack,  as 
well  as  sanitation  through  pruning  and  burning 
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infested  wood,  arc  essential  preventive  measures.  It  is 
important  that  a  preventive  control  program  be 
developed  for  ihe  area  concerned. 

Insecticide  recommendations  are  given  in  Appendix 
A  of  the  supplement  to  Volumes  4,  5,  6,  and  7.  These 
recommendations  are  not  all  inclusive  for  all  insects 
attacking  shrubs,  trees,  and  forested  areas  everywhere 
in  the  United  States,  but  they  do  form  a  suggested 
guide  for  the  development  of  a  major  command 
installation  preventive  control  program  based  on  local 
insects  and  hose  plants.  You  should  coordinate  with 
the  area  or  command  entomologist  in  the 
identification  and  control  of  pests  attacking  shrubs, 
trees,  and  forested  areas  on  Department  of  Defense 
installations,  [ 

i 

Exerekes  (A34):  I 

Mark  the  following  statements  ad  being  correct  or 

incorrect  by  placing  a  C  for  correct  and  an  I  for 

incorrect, 

i 

  j.   The  first  essential  for  effective  control  of 

insect  pests  is  vigilance  an^  an  interest  in 
looking  for  insects  and  signs  pf  their  damage. 

 2,   Use  a  contact  insecticide  'for  pests  with 

chewing  mouth  parts. 

  3    Use  a  stomach  insecticide  for  those  with 

sucking  mouth  parts, 

  4.   Use  a  fumigant  for  larvae,  such  as  wood 

borers, 

  5    Do  not  apply  dormant  oil  sprays  in  the  fall. 

  6,   Hydraulic  sprayers  and  mist  blowers*  in  most 

cases,  complement  rather  than  replace  each 

other. 

  7.   when  tt  is  necessary  to  spray  m  areas  where 

cars  are  parked,  an  announcement  \n  the 
Daily  Bulletin  or  other  station  publication 
should  be  made  and  proper  warning  signs 
posted  at  least  I  day  before  the  spray 
operation. 

  H.   Do   not    spray   summer  oils   when  the 

temperature  is  above  £0*  F.  particularly 
under  high  humidity  and  drought  conditions. 


3-2.  Turf  Pests 

The  pests  discussed  within  this  section  include 
insects,  nematodes,  snails,  slugs,  and  plant  fungi.  The 
grounds  on  Air  Force  installations  must  be 
maintained  in  a  state  that  is  pleasing  to  the  eye  and  in  a 
condition  that  will  prevent  rain  and  wind  erosion. 
Tbas,  you  must  be  able  to  recognize  The  effects  of  pests 
on  turf  and  grasses,  Vou  must  also  know  what  controls 
to  use  to  maintain  turf  and  grass  free  from  these 
damaging  pests. 

A35.  Relate  given  soil  and  root  infesting  insects  with 
their  descriptions, 


Soil  ind  Jtool  Infesting  [meets*  Soil  and  root 
infesting  insects  include  grubs  (larvae)  of  many 
beetles,  mole  crickets,  wireworms,  billbugs,  and  ants. 
This  objective  will  describe  these  pests  to  enable  you  in 
recognizing  them  so  that  you  can  implement  the 
proper  controls  that  are  outlined  in  Appendix  A  of  the 
supplement  to  Volumes  4,  5,  6,  and  7. 

Grubs,  There  are  numerous  species  of  beetles 
whose  larvae,  or  grubs,  attack  the  roots  of  grasses 
duringlhe  grub's  underground  development.  The/are 
whitish  to  grayish  and,  except  for  the  larvae  of  the 
green  June  beetle,  lie  in  a  curled  position. 

a.  May  or  June  beetles.  Adults  are  12.5  to  18.8  mm 
long,  blackish-brown  beetles.  They  are  most  abundant 
between  April  and  mid-July,  depending  on  which  of 
more  than  200  species  they  may  be.  Grubs  of  some 
species  remain  in  the  soil  2  or  3  years.  They  remain 
inactive  well  below  the  sod  during  the  winters,  but 
come  up  again  to  feed  upon  grass  roots  during  warm 
weather  May  beetles  are  found  throughout  the 
country. 

b.  Japanese  beetles.  Japanese  beetle  grubs  are 
about  25  mm  long  when  mature.  They  feed  upon  the 
roots  Of  grasses  and  of  various  other  plants  from 
August  through  October  and  again  in  April,  Beetles 
appear  in  fvfay  or  June,  remain  for  6  weeks  or  so,  and 
are  well  known  for  their  destructive  mass  attacks  on 
berries,  orchard  fruits,  truck  and  garden  crops* 
ornamentals,  and  shade  trees.  They  occur  in  varying 
numbers  from  southern  Maine  southward  into  South 
Carolina  and  westward  into  Ohio  and  West  Virginia, 
with  isolated  colonies  existing  in  several  other  states 
westward  to  the  Mississippi  River.  The  spread  of  the 
Japanese  beetle  has  been  retarded  by  a  cooperative 
Federal-State  regulatory  program  in  which  5  percent 
of  the  area  of  the  United  States  is  under  quarantine. 

c.  Green  June  beetle*  The  body  of  the  green  June 
beetle  is  almost  an  inch  long,  slightly  flattened,  and 
grey  green  with  yellow  edges.  It  i&  active  from  June 
through  August.  The  larva  of  the  green  June  beetle  is 
distinctive  in  that  it  is  not  curled  and  that  it  crawls  on 
its  back  while  searching  for  decaying  organic  matter 
on  which  it  lives.  Harmful  holes  in  turf  and  little 
mounds  of  earth  result  from  this  exploration.  There  if 
only  one  generation  per  year.  Green  June  beetles  are 
found  mostly  in  the  Southern  States,  but  frequently  as 
far  north  as  Long  Island. 

d.  Masked  chafer.  The  masked  chafer  beetle  is  12.5 
mm  long,  brown,  and  often  observed  around  lights  on 
warm  humid  evenings  from  June  to  September, 
Larvae  are  sometimes  called  annual  white  grubs 
because  the  Life  cycle  is  completed  in  I  year.  They 
attack  the  roots  of  grass.  The  northern  masked  chafer 
if  found  from  Connecticur  south  co  Alabama  and  west 
to  California.  The  southern  masked  chafer  is  common 
the  Southeastern  States  and  is  found  in  Iowa  and 
Illinois. 

e.  Rose  chafer.  The  adult  rose  chafer  if  12.5  mm 
long,  yellowish  brown,  and  has  long  spiny  legs,  It  is 
found  in  fate  spring  or  early  summer.  The  grub  is 
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about  18.8  mm  long  and  slightly  narrower  than  most 
other  grubs  discussed  here.  There  is  one  generation  per 
year.  Turf  damage  by  this  species  is  generally  less 
severe  than-thai  done  by  other  grubs,  but  it  may  bt  bad 
in  sandy  areas.  Rose  chafers  are  found  in  the  eastern 
United  States  and  west  to  Colorado  and  Texas. 

f.  European  chafer.  European  chafers  are  tan  to 
chocolate  brown  beetles,  12.5  mm  Long,  that  appear  in 
June  and  July,  Their  larvae,  which  are  generally 
similar  to  other  chafer  grubs,  complete,  iheir 
development  in  I  year  and  are  serious  turf  pests  in  New 
York  State.  Isolated  infestations  have  been, found  in 
Connecticut  and  We^t  Virginia. 

g.  Oriental  beetle.  Oriental  beetles  are  brOad- 
bodied,  spiny-legged  beetles,  15,6  mm  long,  varying  in 
color  pattern,  but  usually  straw  colored  with  wime 
dark  markings  on  the  body.  They  appear  in  lat/june 
through  August.  These  larvae  are  difficult  to 
distinguish  from  several  of  the  grubs  already 
described.  The  life  cycle  is  usually  completed  inM  year, 
but. the  grubs  may  pass  two  winters  in  the  soilATTiey 
kill  lawn  grass  by  eating  off  the  roots  close  to  irJb  soil 
surface.  They  are  found  in  Connecticut,  southeastern 
New  York,  and  northern  New  Jersey. 

h.  Asiatic  garden  beetle.  Adult  beetles  are  onlj^9.4 
mm  long,  .cinnamon  brown,  and  appear  velvety,  Ttjc 
underside  of  the  body  is  covered  with  short  yello^v 
hairs.  They  are  active  only  at  night,  are  troublesome  \ 
on  many  garden  and  ornamental  plants,  and  are  most  \ 
prevalent  from  mid-July  to  mid-August,  THt^fttvae"*"-^ 
have  more  slender  bodies  than  most  of  the  other 
related  grubs.  They  usually  damage  the  roots  of  grass 
in  association  with 'weeds  that  afford  some  shade. 

L  White* fringed  beetles.  These  snout  beetles  are 
dark  grey*  slightly  less  than  J2*5  mm  long,  with  paie 
.white  margins  On  the  wing  covers  extending  along  the 
prothora\<  The  beetles  are  found  from  early  May  to 
October.  The  full  grown  larvae  are  about  12.5  mm 
long,  yellowish  white,  and  almost  hairless.  They  chew 
away  the  lower  part  of  the  stem  and  taproot  of  many 
kinds  of  plants  and  may  sometimes  become 
troublesome  in  turf.  There  is  one  generation  per  year, 
and  the  distribution  is  currently  confined  to  the 
Southeastern  Slates. 

/  Rhinoceros  beetle.  The  rhinoceros  beetle  is  5  cm 
long.  Its  larva  is  7.6  cm  long.  It  is  a  pest  of  lawns  in 
Florida,  where  it  is  found  during  the  summer  and  fall. 

Mole  crickets.  These  peculiar  looking  creatures  are 
brownish,  sometimes  almost  olive  colored  insects  3.8 
cm  long  with  powerful  forelegs  adapted  for  digging.  "  ■ 
Mole  crickets  make  burrows  that  resemble  tiny  mole 
tunnels  in  the  soil,  These  crickets  disturb  grass 
seedlings  and  cut  off  established  grass  roots  by  their 
tunneling.  There  is  one  generation  per  year  They  are 
most  numerous  in  the  South  Atlantic  and  Gulf  Coast 
States  from  North  Carolina  to  Texas. 

Wireworms.  The  adults  of  wtreworms  are  slender 
brown  Mick  beetles."  The  larvae,  or  wireuorms 
themselves,  may  be  12.5  mm  to  3.8  cm  long  at  maturity 
and  are  usually  hard,  yellow  hrown,  smooth,  and 
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wormlike.  They  bore  into  the  underground  parts  of 
numerous  farm  crops  and  other  plants.  This  boring 
into  and  feeding  in  grass  roots  and  stems  causes 
withering  and  death,  Wircworais  remain  in  the  soil  for 
2  to  6  years  while  developing,  moving  only  a  few  yards 
during  this  time.  Their  distribution  h  cosmopolitan,) 
but  they  are  most  serious  in  areas  of  high  rainfall  or^ 
where  irrigation  is  practiced, 

Biffbugs*  Adult  biilbugs  are  various  colored^ 
beetles,  5,0  to  18,7  mm  Ion&  with  long  snouts  or  bills 
at  the  tip  of  whioh  are  strong  jaws.  With  these  jaws, 
adults^burrow  into  grass  stems  for  food  and  for  the 
deposition  of  their  eggs.  Leaves  are  also  fed  upon.  The 
larvae  have  soft,  white  bodies,  hard,  yellow  to  brown 
heads,  and  are  rather  small.  They  feed  upon  fibrous 
grass  roots  of  turf  and  small  grains  throughout  the 
grasslands  and  cultivated  areas  of  the  United  States, 
Ants.  There  are  numerous  species  of  ants  that  have 
become  'associated  with  humans  and  their  property, 
^/Most  are  small,  2,5  to  6.3  mm  long,  ranging  in  color 
from  yellow  to'  black.  Several  of  these,  such  as  the 
■cornfield  and  little  black  ant.  are  frequent  inhabitants 
of  established  lawns  throughout  the  country.  The 
Argentine  and  pavement  ants  are  found  in  lawns  in  the 
Southeast  and  Atlantic  Coast  States,  respectively. 
Their  ant  hills  and  underground  nests  smother  or 
destroy  the  roots  of  surrounding  turf.  The  southern 
Hre  ant  is  spreading  northward  from  the  Gulf  Coast 
States,  whejpe  it  forms  loose  mounds  or  numerous 
scattered  cratersr  in  grassed  artas.  Texas  leaf-cutting 
ants  damage  turf  by  establishing  unusually  deep  nests, 
by  provisioning  these  nests  with  cut  leaves  of  plants  for 
fungus  growing  purposes/arnlby  stealing  grass  seed. 
This  ant  is  found  in  Texas  and  Louisiana. 

Exercises  (A35): 

Match  the  statements  in  column  B  with  the  pests  in 
column  A, 


Ctiltiinn  .A 


  I. 

Grubs. 

a. 

  2n 

May  or  June 

beetles 

  .1, 

Japanese 

b. 

beetles 

  4 

Green  June 

beetles 

  5, 

Masked  chafer 

c. 

 6. 

Rose  chafer. 

  7 

Euro  pean 

chafer 

 rt. 

Oriental  bceilc. 

d. 

Asiatic  garden 

beetle. 

_  10 

Whicc-frin£cd 

beetle* 

e. 

_  []. 

Rhinoceros 

beelle. 

_  12, 

Mule  eritfkets 

IV 

Wire*i>rms. 

_  14, 

Biilbugs. 

f. 

_  15. 

■\ntv  * 

Well  known  for  attacks  on  berries, 
orchard  fruits,  truck  and  garden 
crops,  ornamentals,  and  shade  trees. 
"  12.5  mm  long,  brown,  and  is  often 
observed  around  lights  on  warm 
humid  evenings  from  June  \q 
September 

These  snout  beetles  are  dark  grey, 
slightly  less  ihan  [2+5  mm  long,  with 
pale  white  margins  on  the  wing  covers 
extending  along  the  prothora*. 
Most  are  small,  2.5  to  6.3  mm  long, 
ranging  in  color  from  ycliOw  to  black. 
Their  underground  nests  smother  or 
destroy  the  root*  of  surrounding  turf. 
Attack  the  roots  of  gra&es  during  its 
underground  development.  They  are 
whitish  to  grayish  and,  except  for  the 
larvae  of  green  June  beetles.  Lie  m  a 
curled  position. 

Its  body  js  almosl  an  mch  long, 
shghlly  flattened, and  gray  green  with 
yellow  edges. 
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Arc  broad  -bodied,  spiny- legged 
beerlcs.  15.6  mm  long,  varying  in 
color  pattern,  hut  usually  straw 
colored  with  some  dark  markings  on 
the  body. 

The  adults  are  slender  brown  "click 
beeilei."  Their  larvae  may  be  12.5 
mm  to  3  ft  cm  long  at  maiuriiy, 
usual))-  turd,  ydJow  brown,  smooik 
and  wormlikc. 

Adults  arc  12.5  ro  18.8  mm  tang* 
blackish-brown  beeiles.  They  arc 
mosi  abundant  between  April  and 

mid-July 

They  vary  in  color.  arc5,0io  I 7  rtirrj 
long,  wiih  long  snouts  or  bills  at  the 
tip  or  which  arc  strong  jaws. 
The  adult  is  12,5  mm  long,  yellowish 
brown,  and  has  long  spiny  legs.  It  is 
found  in  laic  spring  or  early  summer. 
These  creatures  are  brownish, 
sometimes  almost  olive  colored, 
insects  3.8  cm  Long,  with  powerful 
torclcgs  adapted  for  digging. 
Arc  tan  to  chocolaie  brown  beetles, 
12.5  mm  long,  inat  appear  in  June 
and  July 

^dult  beetles  are  only  9.4  mm  long, 
cinnamon  brown,  and  appear 
vehcty.  The  uncfersfdc  erf  the  body  is 
covered  with  short,  yellow  hairs 
It  5  cm  long,  and  ils  larva  is  7  b  cm 
Ling,  li  is  a  pesr  of  lawns  jn  Florida 


AJ6,  Associate  given  leaf  god  stem  damaging  insects 
with  their  damaging  characteristics  and  general 
descriptions. 

Damaging  Insects  lo  Leaves  and  Stems  of 
Grasses,  Insects  with  this  category  include  the  sod 
webwotm,  cutworm,  lucerne  moih,  fiery  skipper,  and 
grasshopper, 

iff i J  webu-arms.  Adult  tnoihs  of  the  webworms  are 
12,5  to  25  mm  long  are  yellowish  brown  to  dirty  gray. 
They  hide  in  the  grass  during  ihe  day.  coming  out  in 
late  afternoon  or  evening.  The  webworms  themselves 
are  aboul  J  8. 8  mm  long,  light  brown, .and  covered  u  ith 
fine  hairs.  They  build  short,  silk-Lined  tunnels  in  the 
ground  at  ihe  ba$e  of  the  grass  plants,  From  these  ihey 
emerge  at  night  to  feed  on  the  grass,  often  dragging 
bits  of  the  blades  into  their  burrows.  Sod  webworms 
prefer  new  lawns.  Ragged  patches  in  ihe  turf  are  the 
firsi  signs  of  damage:  however,  in  heavy  infestations, 
large  areas  of  turf  may  be  completely  killed.  Most  of 
the  important  species  have  several  generations  per 
vear.  Webworms  occur  throughout  the  United  States, 

Armvtvvrrnx.  Two  of  this  group  are  important  to 
turf;  the  armyworm  and  the  fall  army  worm.  The 
armyworm  adult  is  a  pale  brown  moth  with  a  single 
white  d  oi  in  the  center  of  each  fnrewmg.  The  fore  wing 
ot  the  full  armyworm  adull  is  dark  grey  and  mot  tied, 
while  the  hmo>ingjs  grayish  white.  Both  have  a  3. S  cm 
wing  spread^The  caterpillars  resemble  each  other 
more  closely,  having  a  bas^p  tan  lo  green  color  with 


three  yellowish-white  hairlines  down  the  back  from 
end  to  end,  Armyworms  hide  in  the  soil  by  day  and 
feed  first  on  the  stems  and  then  on  the  leaves  of  grasses 
at  night.  Fall  armyworms  do  not  leave  the  grass  plants 
to  hide.  When  these  species  are  numerous,  they  may 
devour  plants  to  the  ground,  causing  more  or  less 
circular  bare  areas  in  turf. 

Cutworms.  There  are  many  species  of  cutworms. 
Some  species  remain  in  the  soil  and  feed  upon  roots 
and  underground  parts  of  stems:  others  cut  grass  off  at 
the  soil  line,  and  still  others  devour  the  blades. 
Damage  is  done  at  night,  leaving  small,  elongated,  or 
irregular,  closely  cropped  brown  spots  in  the  turf. 
Cutworms  are  of  worldwide  distribution;  however, 
certain  species  are  found  primarily  in  southern  and 
others  in  northern  climates. 

Lucerne  moth-  The  adult  is  grayish  brown  with  two 
pairs  of  dark  spots  on  each  forewing.  The  larvae  of  this 
moth  may  occasionally  attack  turf,  particularly  in 
California, 

fieri"  skipper.  Adults  are  small  yellowish-brown 
butterflies.  Early  larval  attack  results  in. isolated, 
round,  bare  spots  I  to  2  inches  in  diameter.  The  spots 
may  become  numerous  enough  to  destroy  much  of  a 
grassed  area.  This  insect  is  an  occasional  pest  of  lawns 
in  California. 

Grasshoppers.  There  are  more  than  100  species  of 
grasshoppers  that  may  feed  on  range  vegetation  or 
grassed  areas.  Most  of  these  are 2, 5  to  5,0  cm  long  and 
vary  widely  in  coloration  from  mottled  tones  of  tan  to 
degrees  of  green  and  yellow,  with  or  without  spots  and 
stripes.  The  migratory  grasshopper  and  two  other 
species  thai  have  the  typical  migratory  habit  are  highly 
destructive  during  outbreaks.  These  adults  fly  in 
swarms  and,  as  a  group,  lay  their  eggs  in  well-defined 
beds.  There  are  one  or  two  generations  per  year.  These 
grasshoppers  have  occasionally  destroyed  grass  and 
other  vegetation  cover  over  wide  areas,  They  cut  stems 
and  blades  close  to  the  ground,  often  eating  only  part 
of  what  they  ha^e  seJecred.  While  grasshoppers  are 
found  throughout  the  world,  most  extensive  damage 
in  this  country  has  occurred  primarily  in  the  Central 
and  Western  States. 

Exercises  iA36): 

Match  the  siatements  in  column  B  with  the  insects  in 
column  A. 


Ctihimn  A  Column  8 

I  Sod  ttcbviurm.  a  1  he  ddult  is  gruynh  brov*n  with  two 
2r    Armyaorm  pairs  of  dark  spoiii  i>n  each  forewing 

}    Cuhfcorm.  The  larvae  of  thi*  moth  may  occa- 

J     Lucerne  moth  ticnally  attack  turf,  particularly  in 

5     Fiery  skipper  California 

f>.    Gras chopper,      fc>.  are  2.5  lo  5,0  cm  Song  and  vary 

vtideK  m  coloranon  from  married 
nines  uf  tan  in  degrees  of  green  arid 
yellttvt.  with  or  without  sfi«ts  and 
vinptv  rhev  (Ztit  *iems  and  blades 
to  ihe  ground,  otter  eating  only 
pjrt   oi  what  thev    have  vefected 
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Cofumn  B 

c  The  caterpillars  resemble  each  other 
dowly*  havmg  a  basic  tan  to  green 
color  with  three  >  e  How  iih- while 
hairlines  down  the  back  from  end  10 
end.  They  hide  in  ihe  soil  by  day  and 
feed  firsl  onthestenuand  (hen  or  the 
leaves    of   grasses   at  night. 

d.  Adults  arc  smalt  yellowish- brown 
butterflies.  Early  tonuJ  attack  results 
In  isolated*  round,  bare  spots  t  10  2 
inches,  in  diameter. 

e,  Some  species  remain  in  the  soil  and 
feed  upon  roots  and  underground 
parts  af  stems:  others  cut  grass  at  (he 
soil  line:  stitl  others  devour  the 
blades. 

i.  Moths  of  this  insect  are  12.5  to  25  mm 
long  and  are  yellowish  brown  10 dirty 
gray  in  color.  They  feed  at  night, 
often  dragging  bits  of  blades  into 
their  burrows. 

AJ7.  Discriminate  between  true  and  false  statements 
pertaining  to  sucking  Insects  and  correct  those  that  are 

Sucking  Insects  Destructive  of  Turf  and 
Grasses*  This  group  of  insects  includes  the  leaf  bugs, 
chinch  bugs,  teafhoppers*  and  scale  insects* 

Leafhu$s.  This  bug  feeds  on  certain  lawn  grasses, 
kitting  the  grass  in  spots.  The  leafbug  is  found 
throughout  the  United  States*  but  it  is  best  known  in 
California  lawns. 

Chinch  hugs.  An  adult  chinch  bug  is  about  4.2  mm 
Long.  Jt  is  black  with  white  markings.  However,  the 
immature,  or  nymph,  forms  cause  most  of  the  injury. 
At  birth  they  are  one-half  the  size  ofa  pin  head  and  are 
bright  ted  with  a  white  band  across  the  back.  They 
increase  in  size  and  darkness  with  each  of  four  molts. 
There  are  normally  two  generations,  with  the  adults 
overwintering  in  clumps  of  perennial  grasses  or  similar 
shelter.  There  may  be  a  partial  third  generation  in  the 
southernmost  States.  Cultivated  and  wild  grasses  are 
attacked*  causing  yellowish  spots  at  first,  which  then 
turn  brown  as, the  turf  dies.  The  chineh  bug  has  been 
found  throughout  the  United  States  and  is  one  ofthe 
most  destructive  of  the  turf-attacking  insects. 

Leafhoppers.  There  are  several  species  of  the 
leafhopper  that  feed  upon  and  injure  turf.  They  are  less 
than  5.0  mm  long  and  may  be  green  yellow  or  Light  tan. 
Adults  hold  their  wings  over  their  backs  in  wedge- 
shaped,  tentlike  position*  but  they  fly  short  distances 
readily  when  disturbed.  Both  nymphs  and  adults  suck 
plant  juices,  and  especially  in  dry 'hot  weather,  they 
may  cause  extensive  off-color  of  lawns  (gray  to  a  light 
brow  nish  yellow  in  spots).  This  effect  may  be  mistaken 
for  damage  due  to  dry  weather  or  disease.  Leafhoppers 
are  found  worldwide. 

Stale  insects.  There  are  several  species  of  scale 
insects  that  injure  turf,  primarily  in  ihe  Souihern 
States.  Being  tiny  and  inconspicuous,  these  true  bugs 
are  frequently  overlooked.  They  are  usually  round  or 


oval  with  a  waxy  covering.  Eggs  develop  into  active 
crawlers  or  nymphs.  These  soon  insert  t  heir  backs  into 
plant  tissue  and  suck  out  plant  juices.  The  following 
are  the  common  scale  pests  of  cultivated  turf. 

a.  Rhode  grass  scale.  The  adult  is  3.1  mm  in 
diameter,  globular*  and  dark  purplish  brown*  It  is 
covered  with  a  white  cottony  secretion*  Both  the  adults 
and  nymphs  cause  turf  browning  by  attacking  chiefly 
the  plant  crowns  of  Bermuda  .grass  and  St.  Augustine 
grass.  There  may  be  five  generations  a  year.  This  scale 
is  found  in  southern  Texas,  Louisiana*  Florida,  and 
California. 

b.  Bermuda  grass  scale.  Adults  are  1.6  mm  long; 
oval,  and  covered  with  a  white*  hard  secretion. 
Nymphs  and  adults  damage  Bermuda  grass,  where 
with  heavy  infestations*  they  kill  the  grass  and  leave 
brown  patches.  Bermuda  grass  scale  is  most  prevalent 
in  Florida. 

c.  Ground  pearls.  These  are  scale  insects, 
measuring  1.6  mm  across,  that  have  a  hard,  cream* 
colored  covering  which  encloses  their  bodies  so  that 
they  look  like  small,  round  pearls.  The  feed  on  the 
roots  of  Bermuda  grass  in  the  South  and  Southwest* 
and  centipede  grass  in  the  South,  causing  turf  to  turn 
brown  and  eventually  die. 

Exercises  (A37): 

Mark  the  following  statements  as  being  Cornea  (C)  or 
incorrect  U>-  Amend  any  false  statements. 

1.  The  leafbug  feeds  on  certain  lawn  grasses  and 
kills  the  grass  in  spots. 

  2.  At  birth*  the  chinch  bug  is  one-half  the  size  of 

a  pinhead  and  arc  black  with  a  white  band 
across  the  back. 

 3.   The  leafhoppers  arc  less  than  5  mm  long  and 

may  be  green  yellow  or  light  tan.  Both 
nymphs  and  adults  suck  plant  juices,  especi- 
ally in  dry*  hot  weather 

 4.  The  common  scale  insects  of  cultivated  turf 

are  the  Rhodegrass  scale*  Bermuda  grass 
scale,  and  ground  pearls. 


A38,  Complete  given  statements  concerning  the 
survey  and  control  measures  for  turf  and  Uwn** 
damaging  insects. 

Survey  and  Control  of  Turf  and  Lawn-Damaging 
insects.  Blotchy,  dying  grassed  areas  may  be  the  result 
of  disease*  nutritional  unbalance*  drought*  or  insect 
damage.  Check  first  for  (he  presence  of  insects. 
Extensive  injury  to  turf  by  many  insects  may  be  largely 
prevented  through  initial  surveillance  and  a  few. 
simple  inspection  techniques. 

Grub  populations  are  best  evaluated  in  the  fall 
before  cold  weather  or  after  the  soil  has  been  warmed 
by  the  sun  in  the  spring.  Cut  three  sides  of  a  strip  of  sod 
I  foot  square  by  2  or  3  inches  deep*  laying  it  back  by 
using  the  uncut  side  as  a  hinge.  Knock  grubs  from  the 
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exposed  grass  roots  and  soil  with  a  trowel  or  blade. 
Make  several  such  samples  ai  random  in  an  average 
sized  lawn.  A  half  dozen  or  more  grubs  per  square  foot 
indicates  need  for  control. 

Chinch  bugs  may  be  detected  by  the  use  ofatincan 
with  both  ends  removed.  One  end  of  this  cylinder  is 
pushed  into  the  ground  in  a  yellowed  portion  of  the 
damaged  turf.  Fill  the  cylinder  with  water,  If  chinch 
bugs  are  present  they  will  float  to  the  surface  within 
several  minutes. 

Sod  webworms,  army  worms,  and  cutworms  may  be 
brought  to  the  surface  by  applying  i  tabiespoonfuJ  of 
pyrethrum  extract  in  1  gallon  of  water  to  1  square  yard 
of  turf.  If  you  sec  12  to  16  of  them  per  square  foot, 
apply  a  recommended  insecticide, 

Vou  can  detect  wireworms  by  passing  broken-up 
sod  througn  a  hand  sifter  made  of  a  piece  of  four-mesh 
hardward  scre:n  attached  to  a  frame.  Allow  the 
resulting  soil  to  fall  upon  a  second  sifter,  made  with 
standard  windov  screen,  where  you  can  see  the  shiny, 
yellow  wireworm  i.  To  control  these  insects,  follow  the 
use  recommendations  provided  on  pesticide  labels. 

Exercises 

Complete  the  statements. 

1.  Grub  populations  are  best  evaluated  in  the  

  before  cold  weather  or  after  the 

 has  been  warmed  by  the  

in  the  . 

2.  Cut  sides  of  a  strip  of  sod  1  foot 

square  by  inches  deep, 

laying  it  back,  using  the  uncut  side  as  a  

3.  A  or  more  

per  square  foot  indicates  need  for  control. 

4.  Wireworms  may  be  detected  by  passing  

sod  through  a  hand  sifter  made  of  a  piece  of 

 -  hardware  

attached  to  a  frame, 

A.V>.  Complete  given  statements  concerning  the 
general  characteristics  of  nematodes. 

Nematode*.  Nematodes  are  often  serious  plant 
pests  which  require  control.  Nematodes,  oreelworms. 
belong  to  the  class  Nematode  of  the  phylum 
Nemathclminthes  Most  mature  nematodes  are  quite 
small,  requiring  magnification  to  be  seen,  but  some 
parasitic  roundworms  grow  to  a  Length  of  0.9  meters. 
Nematodes  are  found  nearly  everywhere  in  nature, 
from  arid  deserts  and  hot  springs  to  polar  seas  and  ice 
i:apx  and  from  beach  sands  to  the  bottoms  of  lakes 
and  rivers.  Many  are  free  living,  while  others  are 
parasites  of  plants  and  animals.  Over  50  species 
parasitize  man.  h  has  been  estimated  that  as  many  as 
80.000  species  parasiti/e  vertebrate  animals,  that  a 
larger  number  of  specie*  parasite  invenebrale 
animals,  and  1  hat  a  *till  greater  number  arc  parasites  of 
plants  or  arc  Iree  living  in  soil  or  water.  The  total 
number  of  individual  nematodes  is  beyond  human 
comprehension.  A  lablespunnfu!  of  oo?e  from  the  sea 
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bottom  may  contain  thousands,  and  the  top  acre-foot 
of  cutivated  soil  may  contain  many  billions.  Most 
nematodes  in  the  soil  are  harmless,  and  some  are  even 
beneficial  to  man's  purposes.  They  are  one  of  the  most 
important  biological  and  mechanical  factors  in  soil 
building.  Those  nematodes  with  which  we  are 
concerned  here  are  parasites  of  plants.  Some  of  these 
damage  the  roots,  some  Ihe  stems*  some  Ihe  leaves, 
and  some  the  seeds  of -many  agricultural  and 
horticultural  plants, 

Recognition  characters  and  biology.  Nematodes 
are  unsegmented  roundworms  quite  different  from  aii 
other  forms  of  life,  Plant  parasites  may  be  less  than  0.4 
mm  long  when  fully  grown,  and  few  ever  exceed  8 
millimeters.  In  most,  the  body  is  very  slender  and  is 
tapered  at  both  ends. 

There  is  a  tough  cuticle,  secreted  from  underlying 
tissue,  which  may  be  smooth,  striated,  bossed,  or 
ornamented  with  spines.  The  body  has  longtidinal 
muscle  fibers  only.  These  fibers  produce  flexing 
movements*  but  no  elongation  or  contraction.  When 
seen  under  a  microscope  in  clear  water,  t  he  movements 
seem  to  produce  only  a  useless  thrashing  about. 
However,  in  the  presence  of  plant  debris  or  soil 
particles*  the  flexing  of  the  body  can  produce  a 
forward  movement, 

Both  sexes  exist  in  nematodes,  though  some  females 
can  produce  eggs  in  the  absence  of  males.  The  tiny 
larvae  which  hatch  from  ihe  eggs  are  shaped  like 
adults.  They  grow  rapidly,  shedding  their  cuticle 
several  limes  before  reaching  maturity.  Under 
favorable  conditions,  growth  may  require  a  few  days 
to  a  few  weeks,  depending  on  the  species.  Some  will 
repeat  the  reproductive  cycles  as  long  as  temperature 
and  moisture  conditions  are  favorable  and  as  long  as 
the  host  plant  lives.  Some  will  leave  dead  host  plants  to 
enier  the  soil;  some  will  stay  in  the  dead  plant  tissue 
and  may  remain  dormant  for  several  years. 

Feeding  methods  vary  from  one  type  of  parasite  to 
another.  Some  enter  the  plant  cells  and  eat  the  cell 
contents.  Some  feed  by  means  of  stylets  that  puncture 
the  cell  walls  and,  like  hypodermic  needles,  permitthe 
nematodes  to  suck  out  the  cell  juices.  The  stylet 
punctures  permit  penetration  by  disease-causing 
bacteria.  Parasitic  fungi  enter  the  plant  through  the 
holes  made  by  the  nematodes  that  feed  within  the  cells. 

A  single  root-knot  nematode  female  may  produce 
500  to  1 ,000  eggs;  yet  few  of  the  larvae  which  hatch 
from  them  will  ever  live  to  reach  maturity  and  to 
reproduce,  Nematode  parasites  of  plants  have  many 
enemies  in  the  soil.  They  are  captured  readily  and 
devoured  by  other  soil  .animals,  such  as  insects  and 
predatory,  free-living  nematodes.  Even  certain  soil 
fungi  are  capable  of  trapping  living  plants;  thus, 
nematodes  must  compete  with  fungi  for  food.  Since 
nematode  movement  is  more  or  less  random,  and  since 
ihe  nematodes  are  very  vmalK  they  must  be  very  close 
in  ii  food  source  iu  tind  it.  Those  that  penetrate  some 
forms  of  "resistant"*  plants  are  effectively  trapped,  for 
their  activity  is  limited  and  they  are  seldom  able  to 
reproduce. 


Exercises  (A39): 

1 >    Most  mature  nematodes  are  quite  , 

requiring  to  be  seen. 

2.  Both  sexes  exist  in  nematodes,  though  some 

females  can  produce  in  the  absence 

of  

3.  When  nematodes  are  seen  under  microscopes  in 
clear  water  the  movements  seem  to  produce  only 
a  useless  


A40.  Complete  given  statements  concerning  the 
damages  caused  by  the  root -and  top -growth-attacking 
nematodes, 

The  nematodes  that  parasitize  plants  may  be 
categorized  arbitrarily  by  the  pan  of  the  plant  they 
parasitize  and  by  the  way  they  attack.  Some  of  the 
individual  species  attack  many  types  of  plants,  the 
common  garden  nematode  Heterodera  schachtii  being 
found  on  over  1,000  varieties.  The  evidence  of 
nematode  infestations  may  be  indicated  by  stunted 
growth  occurring  in  grassed  areas,  flower  beds,  small 
gardens,  and  ornamental  shrubs,  Whenever  you  find 
such  conditions,  you  should  consider  attack  by 
nematodes  as  a  possible  cause. 

Root-Attacking  Nematodes.  Nematodes,  that 
attack  roots  may  be  separated  into  four  groups  based 
upon  the  pan  of  the  rool  in  which  they 
infest:  sedentary  parasites,  end oparasitic, 
se  mien  do  parasitic,  and  ect  oparasitic. 

Sedentary  parasites.  In  this  group,  females  become 
fixed  in  one  position,  where  they  feed  until  death. 
Unlike  most  others,  these  females  do  not  retain  their 
wormlike  appearance  but  become  swollen.  The 
important  types  of  sedentary  parasite  nematodes  are 
as  follows: 

a.  Cyst  nematodes.  The  females  of  this  group  of  12 
to  15  species  develop  into  brown,  pear-shaped  cysts, 
which  contain  and  protect  viable  eggs  up  to  10  years. 
Plants  that  they  attack  appear  stunted,  have  yellow 
leaves,  and  have  a  very  fine,  hairy  looking  root  system, 
Hosts  include  some  tnlfck  crops,  clovers,  and 
ornamentals  and  are  subject  to  U.S.  and  foreign 
quarantines. 

h.  Root-knot  nematodes.  There  are  eight  species  in 
this  group  in  which  the  females  become  globular,  but 
do  not  form  cysts.  They  usually  may  be  found  in 
swollen  knots  in  the  root  system.  These  knots  typify 
the  group,  which  attacks  1.800  species  of  plants.  Plants 
included  are  nursery  stock,  ornamentals,  and  grasses. 

tCndoptirasmr  nematodes.  Eggs  are  deposited  in 
lesion*  within  roots  where  the  larvae  feed-  All  stages 
may  he  found  free  in  the  soil. 

a.  Burrowing  nematodes.  One  species  parasitizes 
several  hundred  species  of  plants,  which  include 
woody  ornamentals.  It  is  a  venous  pesi  of  citrus, 
causing  tip  diehack,  sparse  growth,  and  spreading 
decline.  It  ts  currently  under  quarantine  in  Florida, 


b*  Meadow  or  lesion  nematodes.  There  are  20 
species  of  this  group,  which  are  found  in  small  lesions 
in  roots  or  free  in  the  soil.  Hosts  appear  necrotic  and 
unthrifty,  and  include  fruit  trees,  trees,  ornamentals, 
and  nursery  stock. 

Semiendoparasttic  nematodes.  These  nematodes 
feed  both  externally  and  within  the  roots  of  plants. 

a.  Spiral  nematodes,  There  are  about  12  described 
species  of  this  group.  They  are  usually  found  free  in  the 
soil  around  roots.  Attacked  plants  demonstrate 
chlorosis,  stunting,  and  sometimes  sparse  growth. 
Spiral  nematodes  damage  ornamentals,  including 
roses  and  boxwoods,  and  lawn  grasses. 

h.  Lance  nematodes.  There  are  two  species  of  lance 
nematodes  whose  damage  looks  like  that  caused  by 
spiral  nematodes  on  the  same  hosts.  However  these 
are  also  pests  on  some  lawn  grasses? 

Migrant  or  ectoparasitic  nematodes.  These 
nematodes  feed  at  the  tips  and  along  the  surface  of 
roots.  They  sometimes  insert  part  of  their  bodies  into 
the  root  tissue.  This  damage  results  in  chlorosis  and 
stunting  due  to  sparse  root  systems  having  short, 
stubby*  lateral  roots. 

a.  Sting  nematodes,  Thereare  two  sting  nematodes, 
both  of  which  are  parasites  of  ornamentals  and  lawn 
grasses,  They  normally  are  found  in  the  light,  sandy 
soils  of  the  coastal  plains. 

b.  Stubby  root  nematodes.  Only  one  of  15  species 
of  this  group  is  known  to  be  parasitic,  It  is  of 
widespread  distribution  in  the  United  States  and 
affects  a  variety  of  plants*  including  a  large  number  of 
grasses  and  truck  crops. 

c.  Dagger  and  needle  nematodes.  Two  important 
species  in  this  group  are  primarily  parasites  of 
perennials,.  One  causes  the  general  decline  of 
boxwoods  and  roses.  Dagger  nematodes  have 
worldwide  distribution.  Little  is  known  about  the 
prevalence  of  the  needle  nematodes,  but  they  have 
been  collected  in  Europe,  the  Pacific  Northwest,  and 
several  species  in  the  Southeast. 

d.  Stunt  nematodes.  This  group  is  comprised  of 
parasites  of  many  plants.  One  species  is  an  important 
pest  of  strawberries,  tobacco,  and  ornamentals,  Stunt 
nematodes  have  been  found  in  the  East,  Southeast, 
and  a  Southwestern  State, 

e.  Ring  nematodes.  There  are  about  20  known 
species  of  ring  nematodes.  Evidence  indicates  that  they 
are  important  parasites  of  trees  and  other  woody 
perennials,  but  they  also  are  found  associated  with  the 
roots  of  grasses  and  many  other  plants,  They  live  in 
many  parts  of  the  world, 


Top-Growth-Attacking  Nematodes.  Nematodes 
attacking  the  top  growth  of  vegetation  may  be 
separated  into  three  groups,  hased  upon  the  pan  of  the 
plant  that  they  attack.  These  groups  are  called  the  bud 
and  Leaf  nematodes,  item  and  bulb  nematodes,  and 
seed  gall  nematodes. 
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Bud  and  leaf  nematodes.  There  arc  a  dozen  or  so. 
species  in  this  group  that  arc  important  pests.  Some 
feed  in  the  developing  buds  and,  subsequently,  in  the 
very  young  Leaves.  They  cause  leaf  crimping, 
deformation,  and  plant  unproductivity.  Strawberries, 
alfalfa,  and  rice  may  be  hosts  to  these  parasites. 
Several  species  attack  primarily  the  leaf  parenchyma, 
where  progressively  darkening*  angular  spots  may 
lead  to  eventual  defoliation*  This  occurs  on 
chrysanthemum,  aster,  dahlia*  zinnia,  and  other  plants 
raised  for  their  flowers.  Distribution  of  this  group  is 
widespread.  These  nematodes  that  feed  within  the  leaf 
will  move  from  leaf  to  leaf  in  films  of  water  from  rain 
or  dew. 

Stem  and  bulb  nematodes.  A  number  of  species  of 
nematodes  invade  the  stem  and  bulb  parts  of  such 
hosts  as  alfalfa*  clover,  and  certain  grasses,  as  well  as 
such  ornamental  bulbs  as  iris,  tulips,  and  narcissus. 
They  invade  the  parenchymatous  tissue  and  injure  the 
plant  with  their  salivary  secretions.  Distortion, 
hypertrophy,  necrosis,  secondary  infection,  orgenerai 
unthrifty  ness  result.  Members  of  the  group  are  found 
throughout  the  world. 

SeedgaU  nematodes.  Two  of  H  species  of  this 
group  are  important  economically  in  the  United 
States.  They  develop  in  the  growing  part  of  wheat, 
lawn  grass,  and  grasses  grown  for  commercial  seed. 
They  complete  development  within  a  resistant  gall  in 
the  seed.  Seeds  are  destroyed  or  contaminated. 
Animals  feeding  on  the  infested  seeds  are  poisoned. 
The  wheat  nematode  is  found  primarily  in  the  Eastern 
States,  while  the  bemgrass  nematode  occurs 
greatest  numbers  in  the  Northwestern  States.  f 

Exercises  (A4Q): 

I.    The  four  groups  of  root-attacking  nematodes  are 
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A4L  State  Cite  survey  md  control  procedures  for 
nematodes, 

Unthriftinesst  stunting,  malformation,  chlorosis*  or 
death  of  plants  may  be  caused  by  nematodes,  insects, 
nutritional  deficiencies,  drought,  and  other 
conditions*  It  is,  therefore,  necessary  to  establish  the 
presence  of  nematodes  and  to  identify  them  in  order  to 
take  the  right  corrective  measures. 

Survey.  Collect  soil  and  root  samples  as  follows 
and  forward  them  to  the  appropriate  command 
entomologist  after  you  have  received  approval  from 
the  local  agricultural  department.  If  the  plant  in 
question  is  small  and  is  expendable,  place  its  roots  and 
most  of  the  soil  attached  to  them  in  a  1 -quart 
polyethylene  bag  or  freeze  bag.  Attach  a  label  with  the 
names  of  the  installation*  collector,  host  plant,  and 
locality  written  on  it  in  indelible  pencil  or  ink.  close  the 
bag  with  a  rubber  band  and  put  the  bag  in  a  suitable 
mailing  box.  Wrap  the  box  and  place  the  agricultural 
permit  label  on  the  box.  In  the  case  of  a  large  plant,  get 
a  sample  of  its  roots  and  associated  soil  Bag  and  label 
this  similarly.  If  turf  is  affected,  include  a  2-inch  square 
plug  6  inches  deep  from  the  margin  of  the  infested 
area. 

Preventive  Control.  Nematodes  brought  Into 
installations  in  soil  and  plants  will  adversely  affect 
plants  to  which  they  spread-  It  is.  therefore*  a  must  that 
everyone  responsible  for  grounds  maintenance  take 
the  few  preventive  measures  nece^ary  to  avoid  the 
spread  of  plant  parasitic  nematodes. 

Nematode-free  stock.  All  nursery  stock  to  be  used 
on  military  installations  should  be  procured  certified 
free  of  plan:  parasitic  nematodes  or  otherwise  be 
certifiable  under  local  restrictions. 

Equipment  steam  cleaned.  Incoming  and  outgoing 
equipment  or  any  other  facility  on  which  there  may  be 
soil  attached  should  be  thoroughly  steam  cleaned  or  at 
Jeast  washed  off.  and  the  equipment  allowed  to  dry. 
Cleaning  off  all  soil  and  exposing  the  equipment  to 
direct  sunlight  is  sufficient  in  areas  where  cyst 
nematodes  are  not  a  problem. 

Quarantines.  Several  Federal  quarantines  have 
been  established  to  prevent  the  further  spread  of 
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certain  nematodes.  Some  states  also  have  local 
restrictions.  Those  responsible  for  the  dispatch  of 
plants,  plant  products*  soil,  tracked  vehicles,  or  earth- 
moving  equipment  to  or  from  military  installations 
should  familiarize  themselves  with  the  quarantines 
applicable  within  their  areas  of  operation. 

Chemical  Control*  all  nematocides  are  highly  toxic 
to  animals.  Thus,  you  must  take  precautionary 
measures  to  avoid  inhalation  and  skin  contact. 

One  of  the  most  important  considerations  in 
selecting  a  nematocidc  is  its  phytotoxiciiy.  A  few 
important  plant  nematodes  infest  above  ground  parts 
nf  plants.  Vou  can  use  penetrating  sprays  of 
nonphytotoxic  nematocides  on  these*  However,  most 
of  our  important  plant  nematodes  are  inhabitants  of 
(he  solL  Vou  can  use  nematocides  toxic  to  living  plants 
in  seedbed  or  field  preplant  sterilization.  In  order  for 
chemicals  to  reach  the  nematodes  in  the  soil,  you  must 
use  either  vaporized  or  water-dispersed  nematocides. 

Injected  liquids  that  vaporize.  The  most  successful 
control  has  been  attained  by  soil  fumigation  with 
vapors  liberated  by  volatile  liquids  that  are  injected 
into  the  soil  at  closely  spaced  intervals.  Diffusion 
through  the  soil  and  subsequent  effectiveness,  is 
largely  dependent  upon  soil  porosity,  moisture,  and 
temperature. 

The  area  must  be  prepared  and  leveled  as  for 
planting.  Soil  moisture  should  not  be  unusually  high 
or  low.  and  the  temperature  should  be  between  60° 
and  K0°  F  i\5.6$*  and  26.88°  C). 

Inject  volatile  soil  fumigants  into  the  soil  at  depths 
of  H  to  10  inches  to  facilitate  proper  vaporization  and 
dispersal.  You  give  this  treatment  in  small  plots  with 
specialized  hand  equipment  and  1-foot  grid  pattern. 
When  you  calibrate  the  application  to  the 
manufacturer's  recommended  dosage  rate,  you  make 
the  injections  at  the  points  of  grid  line  intersection. 
Tamp  the  holes  closed,  Normally,  a  waiting  period  of  2 
to  3  weeks  before  planting  is  required  with  most 
nematocides. 

Trad or-driiwn  application  equipment  is  available 
lor  larger  areas.  In  principle  is  essentially  the  same, 
except  that  furrows  are  dug.  treated*  and  covered  by 
(he  equipment. 

The  use  of  methyl  bromide  requires  a  different 
procedure  and  different  equipment.  The  area  must  be 
leveled,  as  prepared  for  planting,  and  irrigated  to  bring 
the  moisture  to  about  M)  percent  of  capacity. 
Distribute  buckets  or  similar  supports  over  the  area, 
Ako  put  out  shallow  pans  to  receive  the  plastic 
applicator  hose  from  the  methyl  bromide  container. 
Securely  fasten  a  hose  directly  over  each  pan*  the 
numbers  of  which  depend  upon  the  manufacturer's 
dosage  recommendation.  Lead  the  other  ends  of  the 
hoses  outside  the  area  to  be  treated.  Then,  drape  a 
plastic  tarpaulin,  free  from  holes,  over  (he  supports. 
Seal  its  edges  thoroughly  *iih  a  rVinch  border  of  soil. 
Attach  containers  of  liquid  methyl  bromide  under 
pressure  10  special  couplings  on  the  outer  end  of  the 
plastic  huse>.  When  you  puncture  these  enntainers.  the 
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methy  bromide  flows  into  the  pans and  becomes  a  very 
penetrating  gas. 

Water-dispersed  drenches*  The  development  of 
effective  nematocides  that  are  nontoxic  to  growing 
plants  has  stimulated  increased  use  of  water-dispersed  £• 
drenches  for  the  control  of  nematodes  in  turf  and  a  O 
wide  variety  of  ornamentals.  Areas  to  be  so  treated  *> 
must  be  watered,  but  not  saturated.  Measure  the  O  * 
diseased  zone  and  a  6-foot  strip  of  healthy  looking  turf 
around  in  Calculate  the  dosage  in  accordance  with  / 
manufacturer's  recommendations.  Make  the  proper 
dilution  of  the  emulsion  coiicemraie  with  water. 
Disperse  it   by  hand  sprinklers  or  with  power 
equipment.  In  the  latiercase.run  a  test  with  water  only 
in  order  to  attain  accurate  distribution.  Following 
treatment,  irrigate  the  area  with  2  inches  of  water. 
Plantings  or  a  single  plant  may  be  treated  similarly. 
Vou  can  use  a  metal  rod  to  open  holes  in  the  soil  within 
the  root  area  15  to  25  inches  deep.  A  small  earth  dam 
made  around  the  base  of  the  planting  or  plant  will 
contain  the  water  required  following  treatment. 

Exercises  (A41): 

I  List  in  sequence  the  steps  that  you  should  take  to 
confirm  suspicions  of  nematode  damabe  to  small 
and  expendable  plants. 


2.  What  actions  can  you  take  to  preclude  the  spread 
of  plant  parasitic  nematodes?  Answers  may  be 
listed  in  any  order. 


3.    Stale  the  type  and  describe  the  method  of 
treatment  for  controlling  nematodes  when  you  are 
going  to  use  hand  equipment  and  phytotoxic' 
nematocides. 
a.  Type. 


b.  Method. 


A42.  Identify  as  true  or  false  given  statements 
pertaining  to  snails  and  slugs. 

Importance  of  Terrestrial  Snails  and  Slugs.  In 

some  pans  of  the  world,  snails  serve  as  food  for  man 
and  are  cultivated  for  this  use.  In  many  other  places, 
some  species  of  terrestrial  snails  and  slugs  are  very 
serious  economic  pests.  ' 

While  most  species  native  to  the  United  States  are 
solitary  in  habit  and  do  very  little  damage*  some 
introduced  species  retire  control.  Because  these 
imported  species  arrived  in  the  United  States  without 
their  parasites  and  predators  and  because  they  are 
colonial    in    nature,    they    can    build  enormous 
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populations  in  limited  areas,  These  highly  destructive 
snails  require  continuing  control  and  constant 
vigilance  to  prevent  further  introduction  and.spread. 

Many  species  not  native  to  ihe  United  States  are 
prohibited  entry  by  Federal  quarantine.  Military 
equipment  and  vehicles  returning  to  the  United  States 
from  overseas  operational  or  storage  areas  must  pass 
quarantine  inspection  for  living  snails.  When  live 
snails  are  found  during  quarantine*  inspection, 
fumigation,  saltwater  wash  down,  or  steam  cleaning 
are  required.  These  operations  are  time  consuming 
and  costly  wherever  performed,  but  they  are 
considerably  more  expensive  at  United  States  ports 
than  at  overseas  ports  before  shipment. 

Snails- and  slugs  are  of  economic  importance  for 
three  reasons:  ( I )  Some  serve  as  food  for  people.  (2) 
Many  function  to  maintain  a  balance  of  nalure  in  their 
native  areas.  (3)  Others  can  be  very  destructive, 
particularly  when  introduced  into  new  areas, 

Human  food.  Some  helicine  snails  have  served  as 
food  since  early  tiroes/They  are  highly  nutritious  and 
are  considered  to  be  delicacies,  For  a  number  of  years, 
over  a  million  pounds  of  European  snaiis  perycarwere 
imported  into  the  United  States. 

The  giant  African  land  snail  is  an  important  food 
source  in  its  native  areas,  and  in  some  locations  the 
snail  forms  the  largest  single  item  of  animal  protein  in 
the  human  diet.  This  snail  is  not  considered  a  delicacy 
as  are  the  European  helicines,  and  many  people 
consider  it  to  be  inedible.  In  its  native  area,  the  African 
snail  is  highly  beneficial,  but  in  those  areas  to  which  it 
has  been  exporteo,  it  is  a  serious  economic  pest. 

Maiuraf  controls.  Snails  and  slugs  in  their  native 
habitats  are  members  of  natural  communities  in  which 
their  populations  are  controlled  by  ecological  forces. 
These  natural  population  controls  include  natural 
enemies  i  predators  and  parasicesh  unfavorable 
climate,  and  ao  inability  to  overcome  competition  for 
food  and  shelcer-  Snaiis  are  an  integral  part  of  (his 
ecological  balance. 
%  Economic  pesrx.  When  a  snail  or  slug  species  is 
introduced 'into  a  new  area,  it  usually  Jeaves  its 
predators  and  parasites  behind.  If  these  important 
checks  are  not  present,  and  if  other  environmental 
factors  are  favorable,  the  species  can  realize  its  full 
population  potential  If  this  potential  is  high*  only  a 
short  period  of  unchecked  reproduction  will  cause  the 
population  to  erupt.  The  invaders  then  proceed  to 
consume  certain  plants  in  great  quantity,  destroying 
food  and  shelter  of  other  organisms.  Reduction  in  the 
abundance  of  these  native  species  results,  followed  in 
turn  by  their  predators  and  parasites.  The  whole 
organization  of  a  community  may  in  this  way  be 
completely  disrupted  by  such  an  immigration.  This 
can  cause  maoy  beneficial  plants  and  animals  to 
disappear  permanently  from  [he  area.  When  the 
introduced  species  has  exhausted  jts  food  supply,  it 
may  emigrate  in  many  directions  to  other 
communities.  Thus,  the  indirect  economic  import  of 
introduced  species  actually  may  be  far  greater  Chan  the 
more  obvious  economic  importance. 
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Of  the  approximately  725  species  of  terrestrial  snails 
and  40  species  of  slugs  now  recognized  in  the  United 
States  (exclusive  of  Alaska  and  Hawaii),  44  snails  and 
1 1  slugs  have  been  introduced.  Within  the  areas  into 
which  they  have  been  introduced,  the  distribution  for 
any  species  tends  to  be  spotty.  Population  densities  are 
influenced  by  depths  and  types  of  soils,  by  climatic 
conditions,  by  availability  offood,andby  the  intensity 
with  which  land  is  cultivated,  Achatina  has  become 
established  in  Hawaii.  Though  it  has  been  intercepted 
during  quarantine  inspections  at  California  ports, 
Achatina  is  not  known  to  have  become  established 
there,  Theba  pisana  was  introduced  into  California  in 
the  early  I920's,  and  had  became  well  established 
before  extensive  control  programs  brought  about  its 
eradication*  It  was  introduced  into  South  Carolina  in 
1956  via  military  cargo  returned  from  North  Africa 
but  was  eradicated  be/ore  it  became  firmly  established. 
Helix  asperia  and  Otala  factea  have  become  well 
established  in  California.  Considerable  lime,  energy, 
and  expense  have  been  devoting  to  combating  them. 

Where  it  has  been  introduced  Achatinafulica  feeds 
on  a  wide  variety  of  plants.  As  a  group,  grasses  are 
nearly  immune  to  attack.  Even  the  larger  "grasses." 
such  as  rice,  sugar  cane,  and  corn  are  fed  upon  only 
when  no  other  foods  are  available,  but  many  weeds  are 
eaten.  Food  preferences  seem  to  vary  from  place  to 
place  where  this  snail  has  been  introduced,  but 
throughout  its  present  area  the  giant  African  land  snail 
is  highly  destructive  to  many  plants.  Most  fruits  and 
vegetables  raised  by  man  are  attacked,  and  such  other 
economically  important  plants  as  tobacco,  cotton, 
rubber,  and  young  teak  trees  are  eaten  as  are  many 
ornamental  plants*  The  extent  of  damage  that  might 
be  done  by  this  snail  if  introduced  into  thecontineotal 
United  States  is  unknown. 

Of  the  several  economically  important 
Mediterranean  snails.  Theba  pisana  is  considered  the 
most  destructive.  It  has  a  voracious  appetite.  When 
young,  it  will  consume  three  to  five  times  its  own 
weight  of  vegetation  each  day.  and  it  will  double  its 
size  in  the  first  week  and  again  in  the  second.  Some  of 
the  Mediterranean  snails  are  stem  feeders,  but  Theba 
pisana,  though  it  eats  stems  of  same  legumes,  feeds 
primarily  on  leaves.  Many  snails  eat  straw,  manure, 
aod  dead  plants  and  animals,  but  Theba  pisana  will  eat 
these  only  if  foliage  is  n0i  available.  It  feeds  on  weeds, 
particularly  on  thistle  and  other  composites.  It 
destroys  alfalfa  and  a  wide  variety  of  legumes,  and  has 
a  strong  propensity  for  citrus,  ft  has  demonstrated  its 
ability  to  become  a  serious  economic  pest  where 
introduced,  as  have  its  near  relatives. 


Exercises  (A42): 

I.  Place  the  letter  'lT*  before  the  correct  statement, 
  a,    In  some  parts  of  the  wOrkT  snails  serve  as 

food  for  man  and  are  cultivated  for  this  use. 
  t>.  When  snails  are  introduced  into  new  areas, 

they  may  become  serious  economic  pests. 


 For  many  years  over  a  million  pounds  of 

snails  per  year  were  imported  into  the  United 
States. 

d.  The  giant  African  land  snail  is  an  important 
food    source    in    its    native  area. 

 e.   The  number  of  native  snails  is  control  led  T  to  a 

large  extent,  by  natural  enemies  and  climate. 

 f.    Many  snails  eat  straw,  manure,  and  dead 

plants  and  animals;  however,  Theba  psiarta 
will  eat  these  only  if  foliage,  is  not  available. 

  g  Achaiina    have    become    established1  in 

California. 

2.    Correct  any  incorrect  statements. 

A43,  Associate  the  names  of  the  terrestrial  snail  and 
slug  families  with  given  descriptions,  and  complete 
statements  concerning  the  biology  of  snails  found  in 
military  cargoes. 

Terrestrial  snails  and  slugs  are  gastropod  moilusks. 
Almost  all  of  those  of  economic  importance  belong  to 
the  order  Pulmonata.  The  shell  if  present  is  basically 
a  simple  spiral  or  helix  and  is  composed  primarily  of 
calcium  carbonate.  There  are  no  gills,  but  rather  an 
air-breathing  lung  opening  by  a  contractile  pore. 

Slug  Families.  There  are  four  families  of  slugs 
found  in  the  United  States. 

Families  Veroniceltidae.  Arionidae,  and 
Umacide.  These  slugs  are  all  either  completely 
without  shells  or  have  only  internal  vestigial  shells. 
Some  of  the  more  important  genera  are:  Veronicella, 
ArioFh  Miiax.  Deroceras.  and  Umax. 

Family  TestaceMiadae*  Slugs  in  this  family  have 
small,  rudimentary  shells  near  the  posterior  ends  of 
their  bodies.  A  single  introduced  species.  lestacella 
haiiotidea  spends  considerable  time  in  the  ground, 
where  it  feeds  chiefly  on  earthworms. 

Snail  Families*  There  are  five  families  of  snails 
found  in  the  United  States. 

Family  zoniiidae.  Snails  of  this  family  are  almost 
worldwide  in  distribution.  The  shell  is  usually 
umbilicate.  and  has  a  low  spire  that  gives  it  a  rather 
disco  id  a  I  outline.  The  lip  is  thin  and  not  reflected  (not 
turned  back).  Some  of  the  species  native  to  North 
America  are  of  little  economic  importance,  but  three 
introduced  species  of  the  genus  Oxychilus  are  pests. 
Some  of  these  not  only  feed  on  young  plants,  but  are 
predatory  and  carnivorous  and  feed  on  other  snails. 

Family  Bradyhaenidae.  the  shell  of  this  family  is 
wider  than  high,  thin,  narrowly  umbilicate.  wiih  a 
rather  depressed  spire.  The  lip  Is  reflected.  The  species 
Bradyhaena  similaris  Is  a  pest  of  horticulture  and 
floriculture  whenever  introduced  in  areas  of  suitable 
climate,  such  as  Hawaii. 

Family  Achatmidae,  Snails  of  this  family  have 
shells  that  vary  in  shape  from  oval  to  long  and  thin.  All 
are  longer  than  wide.  These  snails  are  distributed 
widely,  and  many  are  quite  destructive.  Two  species  of 
Ceviiioides  have  beenr  introduced  into  the  United 
States,  They  usually  stay  in  the  soil,  and  are  moved 


with  roots  of  plants.  Two  species  of  Opto*  have  been 
introduced  from  the  Orient  and  tropical  America. 
Four  species  of  Lamellaxis  have  been  introduced  into 
the  United  States  from  tropical  areas  of  both  the  old 
and  new  world.  Subulma  octona  has  been  introduced 
from  the  Tropics,  and  Rumma  decollata  from  the 
Mediterranean.  The  most  destructive  pest  in  this 
family  is  the  giant  African  land-snail  Achatina  futica. 
which  has  spread  widely  throughout  the  Central  and 
Southwestern  Pacific;  This  snail  whigh  can  reach  an 
overall  length  of  nearly  I  foot,  has  been  intercepted  at 
United  States  ports  but  has  not  become  established  in 
North  America. 

Family  Hetlcettidae.  Shells  of  these  snails  are  all 
either  umbilicate  or  perforate,  with  shapes  that  vary 
from  long  and  narrow  to  broad  and  flat.  This  is  a  large 
family,  with  snails  of  several  species  introduced  into 
North  America  from  Europe,  Western  Asia,  and 
North  Africa.  Some  of  these  are  not  only  very 
destructive,  but  are  readily  transported  because  they 
leave  the  ground  in  hot  weather  and  crawl  onto 
surfaces  where  Jhey  seal  the  shell  against  drying. 
Several  species  of  Cochlicella  ffelicetla*  Afonacha.  and 
Hygromia  have  been  introduced  into  the  United 
States, 

Family  Helicidae,  The  shells  usually  are  banded, 
wider  than  high,  loosely  Coiled,  with  the  central 
column  hollow  or  umbilicate.  Adults  often  have  the 
umbilicus  closed  over  by  an  extension  of  the  lip.  This 
family  is  of  European  origin.  It  contains  the  edible 
snails.  Two  species  of  Otala  art  cultivated  as  food. 
Various  species  of  economic  importance  in  the  genera 
Helix*  Cepaea*  Otala,  and  Theba  have  been 
introduced  into  the.  United  States,  and  Helicigona 
elsewhere  into  North  America. 

Snails  in  Military  Cargoes.  The  land  snails  that 
quarantine  officials  find  most  commonly  on  military 
cargoes  belong  to  three  genera:  Theba.  Helvetia,  and 
Cochlicella.  The  habits  of  these  snails  are  typified  by 
Theba  pisanay  the  white  garden  snail.  In  the  autumn 
and  winter  rainy  season  of  plant  growth,  the  snails 
actively  feed  and  reproduce.  They  are  reported  to 
reproduce  by  self-fertilization,  although  mating  has 
been  observed.  Prior  to  egg-laying,  the  snail  prepares  a 
nest  by  loosening  the  soil  with  its  mout  h  parts  and 
moving  it  to  the  rear  by  undulating  movements  of  the 
foot.  After  the  egg  mass  is  deposited  at  about  a  1-inch 
depth,  the  burrow  is  filled  with  soil.  After  about  a  week 
in  the  soil,  the  eggs  hatch,  and  the  small  snails  move  to 
the  undersides  of  leaves  to  feed.  With  the  onset  of  the 
hot,  dry.  summer  months,  they  cease  to  feed  and  seek 
surfaces  above  the  hot  ground  to  aestivate  {pass  the 
summer  in  a  dormant  state).  In  search  of  suitable  sites, 
they  often  follow  the  slime  trails  of  other  snails. 
Hundreds  of  activating  snails  may  be  found  covering 
a  small  thorn  bush  or  a  signpost.  The  secreted  mucous 
not  only  seals  the  shell  and  prevents  drying,  but  also 
glues  the  snail  to  the  surface  on  which  it  aestivates.  In 
this  condition,  the  snails  can  withstand  long  periods  of 
dryness,  and  are  unharmed  by  temperatures  of  up  of 
130°  F  (54,88°  C),  for  short  periods.  In  seeking  sites 
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for  aestivation,  Lhc  snails  invade  crates  of  military 
supplies,  and  in  their  dormant  state,  they  can  be 
shipped  considerable  distances  before  rain,  fogi  or 
other  moisture  reactivates,  them. 

Exercises  (A43); 

1-    Match  column  A  with  column  6. 


Column  A 
Dexripttvt 


Column  B 

Family  ofStutiU  and 
Slug* 


Snajls  of  this  family  vary  in  shape  a. 
from   oval  to  Lang  and  thin.  b 
The  -shell  of  this  snait  is  usually  c> 
umbilicaie  and  has  a  low  spire  tL 
thai  gives  it  a  ralher  discoidai  e# 
u  ui  line.  f. 
These  slugs  are  att  eh  her  com"  g. 
plciely  without  jheJts  or  have  only 
iniernal   vestigial  shell*. 
Shells  of  ihese  snails  are  all  either 
umbilical      ..perforated,  with 
shapes  that  vary  from  Long  and 
narrow    ID    broad    and  rial. 
Slugs  in  this  family  have  small, 
rudimentary    shells    near  the 
posterior  end  of  their  bodies, 
A  snail  in  this  family  will  have  a 
*hell    wider   than    high,  thin, 
narrowly    umbihcate.    with  a 
rather    depressed  spire 
The  shells  are  banded,  wider  than 
high,  loosely  coiled,  with  the 
cenrral   column   hollow  or 
utnbilicate. 


2.    In  hot  months,  sn  ails  seek  surfaces  - 
the  ground. 


Veronicellidae. 
Test  ace  lliadae. 
Zonitidae. 
Brady  baenidae. 
Achat  in  Id  ae. 
Helkctlidae. 
Helicidae. 


3.  Most  snails  pass  the  summer  in  a  dormant  state 
called  

4.  The  Theha  pis  an  a  reproduces  by  . 


.444,  Complete  given  the  statements  concerning  snail 
and  slug  inspection. 

Inspection  for  Snails  and  Slugs.  Inspections  for 
terrestrial  snails  and  slugs  have  two 
purposes'  horticultural  and  quarantine. 

Horticultural  inspection.  To  inspect  for  snails  and 
slugs  in  gardens,  greenhouses,  and  other  horticultural 
areas,  you  must  actually  search  for  the  pests.  Where 
you  find  Plant  daovige  but  do  not  see  slugs  or  snails, 
you  should  inspect  at  night  or  early  in  the  morning 
after  a  rain.  You  can  use  attractants,  such  as 
me  (aldehyde  or  diced  apples  or  other  fruit,  t a  draw  out 
the  snails  and  slugs  When  you  can't  inspect  at  night  or 
early  in  the  morning,  place  baits  on  sheets  of  wrapping 
paper  so  that  you  can  see  ihe  slime  trails. 


Quarantine  inspection.  Basically,  a  quarantine 
inspection  for  terrestrial  snails  is  a  search  for  the  snails 
on  materials  shipped  on  containers,  and  on  tracked 
and  wheeled  vehicles.  It  is  important  to  inspect  small 
and  obscure  spaces  where  only  very  small  snails  may  %J 
have  been  able  to  find  space.  Thorough  inspection  of 
cargo  and  cargo  spaces  on  arrival  at  a  United  States 
port  generally  is  more  difficult  and  more  time 
consuming  than  inspection  at  the  point  of  origin  of  the 
cargo. 

A  thorough  inspection  should  be  made  of  all 
military  material  and  personal  household  effects  of 
military  and  civilian  personnel  before  ihey  are  moved 
from  a  known  snail  area  to  any  destination.  Because  of 
the  tendency  of  snails  to  hide  in  crevices  or  to  crawl 
into  holes  or  other  openings.  You  must  inspect  the 
interior  as  well  as  the  exterior  of  containers  when  you 
see  likely  entry  holes.  The  smaller  snails  resemble 
ordinary  pebbles  in  color  markings  as  well  as  size; 
therefore,  you  could  overlook  a  significant  infestation 
on  a  superficial  inspection  of  contaminated  articles. 
CONEX  boxes,  particularly  when  they  have  been  >n 
contact  with  the  soil,  offer  a  number  of  havens  for 
snails— the  bottom  runners  (some  of  which  are 
hollow),  the  lift  hook  slots,  and  the  occasional  rust 
holes  in  the  more  weathered  boxes.  You  should 
examine  all  sides  of  each  likely  item.  Note  in  particular 
any  cracks,  crevices,  or  other  areas  not  readily 
observable.  Forkltfts  frequently  will  be  required  for 
inspection  of  bottoms  of  boxes,  crates,  and  the  heavier 
articles.  Occasionally,  the  presence  of  snails  may  be 
indicated  by  a  faint  slime  trail.  Steel  cylinders  present 
good  hiding  places  for  snails  aestivating  under  the 
screw  cap  and  adhering  to  the  pallets  on  which 
cylinders  are  often  fastened.  Pipes  of  all  types  are 
especially  attractive  to  snails  since  caps  or  plugs  arc 
seldom  feasible.  In  the  case  of  halftracks,  cranes,  and 
other  heavy  equipment*  steam  or  water-jet  cleaning  is 
recommended  in  lieu  of  or  in  addition  to  examination. 
When  you  examine  the  ships  before  they  are  loaded, 
give  attention  to  the  bottom  of  holds  and  around  the 
sides  of  ledges.  Hold  bulkheads  near  the  engine  room, 
being  warmer,  are  favored  snail  sites.  Snail-free  cargo 
should  never  be  loaded  until  holds  have  been  inspected 
thoioughly  and  found  or  made  snail-free. 

Exercises  (A44): 

I.    The  two  purposes  of  snail  and  slug  inspections  are 
 and  


To  determine  slime  trails,  baits  may  be  placed  on 

 of  

The  two  best  times  to  inspect  for  snails  in  a  garden 
are  at  night  or  


after . 


Cargo  inspection  is  easier  at  the  point  of_ 
than  at  the  point  of  . 


5.    Occasionally,  the  presence  of  snails  may 
indicated  by  a  faim  tratL 
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A4S,  Identify  as  true  or  false  given  statements 
pertaining  to  the  control  of  snath  and  Uugs;  correct 
any  false  statements* 

The  five  categories  of  snail  control  are  physical 
control*  cultural  control,  biological  control,  chemical 
control*  and  decontamination, 

Physical  Control*  You  can  search  actively  for  the 
pests  and  hand  pick  or  crush  them  as  you  find  them* 
bin  physical  control  may  aJso  include  the  following 
practifces  to  prevent  military  supplies,' engineering 
equipment*  and  transportation  equipment  from 
becoming  infested  with  snails  and  slugs: 

a.  Incoming  supplies  should  be  stored  in 
warehouses.  Land  snails  normally  do  not  enter 
buildings  to  aestivate*  therefore*  inclosed  structures 
provide  the  greatest  protection  against  infestation. 

h.  If  warehouses  are  not  available  for  storage* 
paved  storage  areas  can  be  used.  However*  these  areas 
must    be   protected    by   sound,  aggressive*  and 
,       continuous  chemical  and  culturaJ  control  programs. 

t.  Only  snail-free  supplies  should  be  stored  in 
warehouses  or  jn  snail-free  storage  areas.  Infested 
cargo  should  never  be  mixed  with  snail-free  cargo  in 
storage  or  in  traosit. 

</.  Equipment  and  materials  (forklifts.  tractor 
trailers*  railcars*  pallets*  dunnage*  and  tarpaulins) 
used  in  the  storage  or  transportation  of  noninfested 
supplies  must  be  snail-free.  Equipment  not  in  use 
should  be  returned  to  snail-free  areas.  Equipment  used 
to  handle  or  transport  snail-infested  supplies  should 
not  be  used  to  transport  snail- free  cargo  unless  the 
equipment  has  been  fumigated. 

f-  Snail-free  storage  areas  should  be  established  at 
ihme  installations  where*  large  quantities  of  supplies 
are  smred  in  open  areas 

A  To  prevent  the  contamination  of  commercial  or 
military  carriers  during  the  movement  of  supplies 
from  one  installation  to  another,  only  snail- free  cargo 
should  he  shipped. 

Adequate  procedures  must  be  established  to 
prevent  snail  "stowaways'"  in  personal  household 
effects  of  military  and  civilian  personnel.  Lawn 
furniture,  sporting  goods  f boats,  motors,  etc.). 
bicycles,  motor  scooters,  utility  trailers,  and  other 
peisonal  effects  that  are  allowed  lo  remain  outdoors 
must  be  fumigated  before  they  are  packed  for 
shipment. 

h.  Equipment  used  in  grounds  maintenance  work 
should  not  be  stored  or  left  idle-in  snail- infested  areas, 
t  his  equipment  should  be  cleaned  and  returned  to  the 
equipment  storage  area  at  the  end  of  each  day. 

u  CONEX  transporters  should  be  stored  in 
warehouses  or  in  snail-free  areas  when  not  in  use.  They 
should  not  be  stored  or  allowed  to  remain  on  the 
ground.  Snail-infested  supplies  or  household  effects 
should  never  he  packed  in  CONEX  transporters  for 
shipment. 

Cultural  Control.  Cultural  control  involves 
destroying  frabtuts  or  hiding  places  by  clearing 
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underbrush  and  by  eliminating  refuse  piles,  loose 
boards*  and  stones.  The  mowing  of  grasses  and  weeds 
will  help  keep  some  species  from  increasing  in 
population.  Cultivation  ofthesoilduringthe  period  of 
snail  activity  and  breeding  season  will  destroy  many 
snails  and  their  eggs.  Plowing  or  turning  the  soil  is 
preferred,  but  discing  and  cultipacking  is  helpful  in 
areas  where  plowing  is  not  practical*  such  as 
ammunition  storage  areas*  golf  courses*  fence  rows* 
and  airfields.  Plowingand  the  seeding  of  small  grain  to 
reduce  erosion  is  recommended  every  12  months. 
Burning  heavily  infested  >  areas  has  been  employed 
successfully  in  eliminating  aestivating  land  snails  in 
California  and  North  Africa. 

BiologlcalJ^omrol.  The  biological  method  for  snail 
control  is  based  on  the  natural  balance  between 
mollusks  and  their  enemies.  This  balance  is  shifted  in 
favor  of  the  introduced  species  when  they  become 
pests,  but  it  can  be  shifted  in  the  opposite  direction  by 
importing  their  foreign  predators  or  byconservingand 
augmenting  natural,  established  predators.  In 
introducing  predators,  extreme  caution  must  be 
observed  because  of  the  possibility  that  they  may 
become  more  serious  pests  than  their  prey.  Afly 
introduction  of  foreign  species  can  be  made  only  after 
careful  study  and  approval  by  the  U.S.  Department  of 
Agriculture.  Many  mammals*  birds*  rtpri.es* 
amphibians*  rodents*  and  insects  have  been  recorded 
as  occasional  predators  of  snails  and  slugs.  En  the 
Continental  United  States*  however*  none,  offer 
effective  and  practical  means  of  control  of  introduced 
species  of  snails  and  slugs*  except  for  the  limikd  use  of 
turkeys,  ducks*  and  chickens.  Carnivorous  snails 
attack  some  economically  important  pest  snails  and 
can  greatly  reduce  the  pest  population  at  times, 
Dependence  upon  predators  requires  acceptance  of 
the  pest  population  level  sufficiently  high  to  maintain 
the  predator  population. 

Chemical  Control  This  kind  of  cont^linvolves  the 
use  of  contact  sprays  and  paints,  irritating  powders, 
poison  baits*  and  deterrents.  Since  land  snails  must 
have  lime  to  consolidate  their  shells  and  must  actively 
search  for  it  if  it  is  not  readily  available  tc  them,  you 
can  paint  or  spray  objects  with  J  percent  solution  of 
calcium  arsenate  mixed  with  lime  water.  This  mixture 
serves  as  a  lure  and  as  a  poison.  Sprays  of  Bordeaux 
mixture,  kerosene  emulsion,  chlordane.  lindane* 
pyrethrum.  DDT,  soap  solutions,  and  limesulfurs  are 
good  repellents,  but  they  are  not  effective  in 
eliminating  the  snails  or  slugs, 

Sodium  pentachlorophenate  is  a.  contact  poison 
that  effectively  controls  land  snails  and  slugs  for  a 
period  of  several  days  10  several  weeks.  This  material 
should  be  used  as  barrier  to  surround  materials  to  be 
protected  from  snail  contamination.  Apply  it  at  the 
rate  of  40  pounds  per  acre  Frequency  of  application 
depends  upon  soil  conditions*  rainfall*  and  the  density 
or  the  snaiJ  population.  Protective  barrier  rings  of  coal 
tar.  soot,  ash.  lime,  salt*  and  other  substances  often  are 
used  to  keep  snails  and  slugs  from  valuable  plants, 
gardens,  and  other  areas  where  they  could  cause 
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damage.  Since  some  of  these  materials  can  kill 
vegetation  or  injure  the  soil  you  must  use  them  with 
caution.  L*fflt>  salt,  soot,  a&h*  and  similar  substances 
act  as  dehydrators*  causing  slugs  and  snails  to  secrete 
slime  so  Copiously  that  they  dry  out  and  die.  These 
materials  have  limited  effectiveness  during  the  wet 
seasons  of  the  year  and  must  not  be  relied  on  as  "cure- 
air  materials.  Melaldchyde  has  been  found  to  be  one 
of  the  most  important  chemical  weapons  against  land 
snails  and  slugs,  but  it  is  not  always  completely 
effective  against  all  species. 

Baits  containing  metaldchyde  have  been  used 
successfully  in  reducing  most  snail  and  slug 
populations.  The  success  of  poison  baits  in  snail 
control  depends  upon  the  timing  of  the  application. 
Apply  baits  when  the  snails  are  active  and  feeding. 
You  can  get  baits  commercially  in  meal  or  pellet  form 
wiih  or  without  calcium  arsenate  and  containing 
metaldchyde.  Prepare  the  bait  by  the  following 
formula; 

10  uunces  rneialCkh>dt 

20  ounces  calcium  arsenate  or  sodium  fluosihcate 
20  pounds  wheat  hran  or  c<>mmeul 

Add  enough  water  to  moisten  the  halt.  Apply  the  bait 
at  the  rate  of  1  pound  per  1 .000  square  feet  (40  -50 
pounds  per  acre). 

In  general  baits  are  more  effective  in  areas  where 
\egetatton  is  seam.  The  use  of  metaldehyde  sprays  is 
not  recommended  When  handled  as  recommended,  it 
can  be  used  safely  as  a  pesticide.  When  used  in 
combination  with  an  arsenical,  you  must  also  observe 
all  use  restrictions  and  precautions  specific  cb  this  type 
of  toxicant. 

Decontamination.  High-pressure  washdown  is 
used  to  remove  snails  as  well  as  encrusting  dirt  from 
milhary  vehicles.  Tracked  ramps  are  used  to  elevate 
the  vehicles  sufficiently  to  permit  hose  handlers  to 
clean  the  undersides  thoroughly.  Cleaned  and 
reinfected  vehicles  are  parked  only  on  snail-free 
hardsiantis  to  await  ship  loading.  When  washdown  is 
needed  at  points  of  arrival  alter  shipment,  sea  water  is 
used  and  is  drained  only  into  bodies  of  salt  water. 

S  nail- infested  materials  that  cannot  be 
decontaminated  by  washdown  are  fumigated. 

Exercises  i  A45): 

1.    Place  the  letter  "T"  before  each  correct  statement. 

_  a.    Land  snails  normally  enter  buildings  to 
activate. 

  b.  CON  EX  transporters  shuuld  be  stored  in 

warehouses    or    in    snail-free  areas, 
 c.    Infested  cargo  should  never  be  mixed  with 

snail-free  cargo  in  srurage, 
  d.   The  mowing  of  grass  and  weeds  will  keep 

some  species  of  snails  from  increasing  in 

population. 

  e     I  he  introduction  ol  predators  is  a  hiotugical 

method  of  controlling  triads. 


  f.  ■  Sodium    pentachlorophenate    is   a  good 

repellam  for  snails, 

—  g.   Protective  barrier  rings  of  coal  tar,  soot,  ash* 

lime,  and  salt  are  used  to  keep  snail*  and  slugs  9 
from  valuable  plants.  A. 

—  h.  Snail-infested    materials   that  cannot 

decontaminated    by    washdowns  at 
fumigated. 
2.    Correct  any  false  statements. 


be  J 
ire  \ 


A46.  State  Ihe  characteristics  of  plant  fungi. 

Characteristics  of  Plant  Fungi.  Fungi  are  small 
generally  microscopic,  slants  lacking  chlorophyll  and 
conductive  tissues.  Molt  of  the  100,000  fungus  species 
known  are  strictly  saprophytic  (living  on  dead  organic 
matter  which  they  help  decompose)*  About  50  species 
cause  disease*  in  man  and  animals.  More  than  8000 
species  of  fungi  can  cause  diseases  in  plants. 

Fungi  can  enter  plant  tissues  through  wounds, 
through  natural  openings,  and  /or  directly  through  the 
cuticle  and  the  epidermis.  Once  inside  the  plant,  the 
fungi  remove  nutrients  from  the  plant  and  use  them  for 
their  own  growth  and  production. 

The  mere  removal  of  nutrients  that  the  plant  cells 
would  normally  use  for  their  own  processes  is 
sometimes  sufficient  cause  for  development  of  an 
unhealthy  condition  in  the  host  cells*  This  condition" 
leads  to  localized  or  generalized  disease  symptoms  on 
the  planr 

Exercises  (A46): 

L    Fungi  are  small,  generally   

plants  lacking  ;incj  

lUShUCS. 

I.    More  than  species  of  fungi  can 

cause  diseases  in  plants, 
3.    Fungi  enter  plant  tissues  through . 
through 


or  directly  through  the  - 


_  •  and 
and  the 


4     Once  insidethe  plant,  fungi  remove. 


from  the  plant  and  use  them  for  their  own 
■  and  ■ 


A47.  Relate  symptoms  of  important  plant  diseases  to 
the  names  of  the  diseases. 

Plant  Diseases  Caused  by  Fungi*  Diseases  of  plants 
caused  by  fungi  are  so  numerous  that  it  is  impossible  to 
discuss  each  of  them  within  this  text,  Three  of  the  most 
common  plant  diseases  caused  by  fungi  are  covered 
because  they  occur  throughout  the  world  and  affect 
many  varieties  of  plants. 

humping  t>ff  frtuji  mi),  Damping-off  disease  of 
M-cdlin^s  occurs  .ill  oscr  the  world  in  s  alleys  and  forest 
Mills,  jn  tropica]  and  temperate  dimjies,  and  inalmust 
everv  t»reenhoust_\ 
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Older  plants  arc  seldom  killed  when  infected  with 
the  damping-off  pathogen,  but  they  develop  stem 
lesions  or  root  rots,  their  growth  may  be  retarded 
considerably,  and  their*  yields  may  be  reduced 
drastically. 

Powdery  mildew.  Powdery  mildews  are  very 
common  diseases  on  a  great  many  plants,  including 
grasses,  vegetables,  ornamentals,  shrubs,  and  trecSi 
particularly  in  arid  and  sem^rid  environments. 
Powdery  miJdew  of  roses  oceura  everywhere  in  the 
world  where  roses  are  grown, 

Powdery  mildew  is  one  of  the  most  important 
diseases  of  roses*  both  in  tfie  garden  and  in  the 
greenhouse.  The  disease  appears  on  roses  year  after 
year  and  causes  reduced  flower  production  and 
weakening  of  the  plant  by  attacking  the  buds,  young 
leaves,  and  growing  tips  of  the  plants. 

Here  are  the  symptoms:  On  the  young  leaves  the 
disease  appears  at  fim  as  slightly  raided,  WisterliJte 
areas  that  soon  become  covered  .with  a  grayish-white, 
powdery  fungus  growth.  As  the  leaves  expand,  they 
become  curJed  and  distorted* 

On  older  leaves,  large  white  patches  of  fungus 
growth  appears,  but  there  is  usually  little  distortion, 
Lesions  on  leaves  may  appear  more  or  less  discolored. 

Dutch  elm  disease.  Dutch  elm  disease  owes  its 
name  10  the  fact  that  it  was  first  described  on  elm  in 
Holland  in  1921,  Since  then  the  disease  has  spread 
throughout  Europe,  parts  of  Asia,  and  most  of  North 
America.  In  the  United  States  the  disease  was  first 
found  in  Ohio  and  in  a  few  States  of  the  East  Coast  as 
early  as  J  930;  since  then  it  has  spread  westward  as  far 
as  Idaho  and  is  expected  to  continue  to  spread.  Dutch 
elm  disease  is  the  most  destructive  shade  tree  disease  in 
i  he  United  States  today.  It  affects  all  species  of  elm. 
The  American  elm,  which  is  the  most  valuable  native 
elm  shade  tree,  is  one  of  the  most  severely  affected.  The 
disease  may  kill  branches  and  entire  trees  within  a  few 
weeks  or  a  few  years  from  the  time  of  infection, 

This  disease  is  the  result  of  an  unusual  partnership 
between  a  fungus  and  an  insect.  Although  the  fungus 
alone  is  responsible  for  the  disease,  the  insect  is  the 
indispensable  vector  of  the  fungus,  carrying  the  fungus 
spores  from  infected  elm  wood  to  healthy  elm  trees. 
The  insects  responsible  for  the  spread  of  the  disease  are 
the  European  elm  bark  beetle  iScolyius  mulimriaim) 
and  the  native  elm  bark  beetle  f Hyiurgopinus  rufipesl 

The  first  symptoms  of  the  disease  appear  as  sudden 
or  prolonged  wilting  of  the  leaves  of  individual 
branches  or  of  the  entire  tree.  Wilted  leaves  frequently 
curL  first  turn  yellow,  then  brown,  and  finally  fall  of 
the  tree  earlier  than  normal  Most  affected  branches 
die  immediately  after  defoliation.  The  disease  usually 
appear*  first  on  one  or  several  branches  and  Chen 
spreads  to  other  portions  of  the  tree.  Such  trees  may 
die  gradually  branch  hy  branch  over  a  period  of 
several  years,  or  they  may  recover.  Sometimes, 
however,  entire  trees  suddenly  develop  disease 
symptoms  and  usuaJJydie  wtthin  a  few  weeks.  Usually 
trees  that  become  infected  in  the  spring  or  early 


summer  die  quickly*  while  those  infected  in  Jate 
summer  are  much  Jess  seriously  affected  and  may  even 
recover 

Excreliei  (A47): 

Match  each  statement  in  column  B  with  the  plant 
disease  in  column  A.  There  may  be  more  than  one 
statement  for  each  disease. 


5 


Coittmn  A 


Plant  Pistes* 


Column  ff 


r    Pimping  oft.         a,  On  young  leaves  k  appeanai  Jini 

2,  Powdery  mildew.         u  slightly  raiKd  bll&tertifce  area*, 

3.  Dutch  elm.  b-  It  is  one  of  the  (noil  important 

dueaaea  of  ro«»»  attacking  buds* 
leaves,   dnd  growing  tips. 

c.  The  mote  destructive  shade  tree 
dbtose;  eauses  branches  to  die 
immediately   after  defoliation. 

d.  ti  occurs  in  valleys  and  forest 
soils,  in  tropical  and  temperate 
climate*,,  and  in  almost  every 
greenhouse. 

e.  The  first  symptom  of  the  diiease 
appears  as  sudden  or  prolonged 
wilting  of  the  leaves  of  individual 
branches  or  on  the  entire  tree. 


Identify  as  true  or  false  given  statements 
pertaining  to  the  control  of  fungus  diseases  of  plants. 

Control  of  Fungus  Diseases  of  Plants*  The  endless 
variety  and  the  complexity  of  the  many  fungus 
diseases  of  plants  have  led  to  the  development  of  a 
correspondingly  large  number  of  approaches  to  their 
control.  The  particular  characteristics  in  the  life  cycle 
of  each  fungus,  its  habitat  preferences*  and  its 
performance  under  certain  environmental  conditions 
are  some  of  the  most  important  potnts  to  consider  in 

,  attempting  to  control  a  plant  disease  caused  by  a 

i  fungus. 

The  use  of  treated  seeds  is  always  recommended 
and,  for  control  of  certain  diseases,  it  is  mandatory. 
Destruction  of  plant  parts  or  refuse  harboring  the 
fungus  spores,  use  of  clean  tools  and  containers, 
proper  drainage  of  lawns  and  fields,  and  proper 
aeration  of1  soil  and  plants  are  all  very  important 
practices  in  the  control  of  most  plant  diseases  caused 
by  fungi. 

The  use  of  plant  varieties  that  are  resistant  to  certain 
parasites  has  found  its  greatest  application  in 
controlling  such  fungus  diseases  as  rusts  and  wilts.  The 
most  effective  method*  however,  and  sometimes  the 
only  one  available  for  controlling  most  of  the  fungus 
diseases  of  plants,  is  through  application  of  chemical 
spray*  or  dusts  on  the  plants,  their  seeds,  or  into  the 
soil  where  the  plants  are  to  grow. 

Most  fungicides  are  used  to  prevent  diseases  on  the 
aboveground  parts  of  the  plants  and  are  applied  on  the 
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foliage  at  sprays  or  dusts.  Almost  ail  of  these  arc 
protectants,  since  they  can  only  prevent  fungi  from 
causing  infection  but  cannot  stop  an  infection  once  it 
has  started. 

There  are  a  number  of  fungicides  which  include* 
many  inorganic  and  organic  compounds.  The  most 
common  of  iheae  are  elemental  sulfur  copper 
compounds  (Bordeaux  mixture,  Cuprocjde, 
Percnox),  thiocarbamates  (thiram,  ferlam,  nabam, 
maneb,  zineb,  ztram),  and  mercury  compounds  (tag, 
coromerc). 

Exercises  (A48); 

I.    Mark  each  of  the  following  statements  Cf  correct) 
or  f  (incorrect}. 


 a.  The  particular  characteristics  in  the  life  cycle 

of  each  fungus,  it*  habitat  preferences,  and  its 
performance  under  Certain  environmental 
conditions  are  some  of  the  most  important 
points  to  be  considered  in  attempting  to 
control  a  plant  disease  caused  by  a  fungus. 

  b.  The  use  of  treated  seeds  is  always  recom- 
mended, and  for  central  of  certain  diseases,  it 
is  mandatory, 

  c.  The  moil  effective  method  of  controlling 

fungus  diseases'  of  plants  is  through  applica- 
tion of  chemical  sprays  or  dust  on  the  plant. 

 d,  Most  fungicides  are  used  to  correct  diseases 

on    the    aboveground    parts   of  plants. 

2,    Correct  any  incorrect  statements. 


Z3o 

51 


i 


Answers  for  Exercises 


CHAPTER  1 


Reference; 

AQI  -  I.  c 

2.  A 

3  f 

5.  c 

6.  b 


A02  -  L 
2 
3. 
4. 
5. 
6. 
1 

AOJ  -  I 


AO*  ■ 


A05  -  I 


A06-  I 
2 

4 

\0?  i 


Undetected:  someone  sees  the  damage. 
Scissors;  cigarette  burns:  termites;  rodents, 
Burns. 

Webbing  cluthes  moihs. 
Enisling  infestation. 

Clothing;  thoroughly:  presence;  adults;  larvae, 
Hidden;  scams:  pockets;  storage:  cushions:  sofas:  chairs. 

Controls  for  fabric  pests  may  be  in  the  form  of  rion chem- 
ical or  chemical  and  may  be  either  preventive  or 

corrective. 

When  safely  using  piradichloro  benzene  crystals  as  a 
preventive  control  measure  in  dorhing  storage  areas, 
the  crystals  should  be  distributed  so  that  they  are  placed 
out  of  reach  of  children. 

Placing  clothing  in  a  very  cold  environment  for  a  couple 
of  days  is  an  effective  corrective  control  of  fabric  pests, 
providing  the  pesti  are  in  the  adult  or  larval  stages. 
Fumigation  is  an  effective  corrective  control  measure  for 
fabric  pests  but  most  be  accomplished  onty  by  personnel 
trained  in  fumigation. 


a,  b.  c.  tt  &  and  h  are  true 
d— Change  Southern  to  Vorthem. 
f -Change  white  and  grey  to 
i — Change  black  to  while, 

a,  b.  e.  f.  g,  and  i  are  true, 
d  -  Change  smaller  10  enlarged 
e  ■  Remove  the  word  "not " 
h  -  Change  Tine  io  coarse 

Snout, 

Larvae;  pupa;  adulu  feeds. 
Fields:  warehouses 
Bean. 
Fteld 


brown  and  black. 


hand    lent;  camples, 


A09  -  L  a*  b.  and  e  are  true. 

2.  Prompt;  food. 

3.  Flashlight,   vials,  pillboxes; 

4.  Beans;  hams;  cereals;  cheese. 
5+  .Exterior;  ends;  stitched. 

6.  Dale;  origin;  date;  name. 

7.  Incubators;  emerge;  detected.  h 

AIO-  I.  Sanitation;  palletizing;  rotation;  isolations  ventilation; 
packaging;  insect  proof  construction. 

2.  Torn;   repaired;  clean;  contamination;  food. 

3.  Sanitation. 

4.  Cartons;  bags;  containers;  ftooe. 
y  Palletizing. 

6h  Long:  time;  one:  two. 

7r  Rotation. 

8.  Remotely;  stocks 

9.  Isolation. 

10.  Opened;  closed. 

1 1.  Ventilation. 

12.  Packaging. 

13.  Packaging.  * 

14.  Planned;  constructed. 

15.  Insect  proofing. 

All  -  1,  Radiant. 

2.  Ulira-low  volume, 

3.  Pyrethrins. 

4.  Aluminum  phosphide. 

5.  Vacuum. 

6.  Lightly;  heavily.  -■ 

7.  Fumigated:  repacked. 

CHAPTER  2 


Ali 


AI2  -  L 


3 

4. 
5. 
fr. 
7. 
8. 
9. 

to 

I 1 
12 


'  a,  c.  di  r  h,  and  j  are  true, 
b  *  Change  40  to  20. 
e  -  Change  Measi"  to  ^mostr 
$  -  Add  "do  not**  before  produce, 
i  -  Change  ''alkaline"  to  "acid," 
Mold;  stain;  wood-rotting. 
Starches;   sugars;   gums:  oils: 
Black;  blues;  browns;  reds:  yellows. 


cellulose;  lignin. 


White    rots:    brown  rots: 
Llgno-cellutose;  lignified. 
Ligncn:d  In  lose;  lignin. 
Cellulose;  lignin:  brownish. 
Brown-tot. 

Humidity;  temperatures 
Secret e;  dissolve. 


water-conducting. 


tube;  filament. 


a,  b.  c,  d*  f.  g, 
e  ■  Change  ^decrease" 
^shorten" 


h.  i.  and  ] 
to  "increase"  and 


are  true. 
%"e*tend*  to 


►urn  -  I     a  -  Change  four  io  ^ix 

c  ♦  Change  green  to  brown 
e  -  Change  thapra  to  cigarette 


A 14  •  l_    Termors    are    the    mt»t    destructive    insect  pests. 
2,   "Wood  and  other  cellulose  products,  such  as  paper, 
cardboard,  and  fibcrboard. 
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y  Termites  arc  an  important  part  of  ecology  in  thji|  ihey 
help  microbial  organisms  in  breaking  down  wood  and 
other    cellulose    materials    into  humus, 

4.  To  the  point  that  the  buildings  have  to  be  condemned. 

5,  Termites  carry  fungus  spores  from  the  soil  on  their 
bodies, 

AI5-L  F 

2.  T. 

3.  F 

4.  F. 

Alb-  1 ,  Wings;  body  shape. 

2.  Approximately  equal;  Longer, 

y  Wup;  slab  sided, 

4.  white  ants. 


An 


7 


9. 
10 


A2J  -  L  * 

2.  c- 

3.  c, 

4.  a. 

6.  C. 

7.  a. 

5.  b. 


A22  -  L   a,  c,  c.  and  g  are  true, 

1    b  -  Change  "more**  to  "less." 
d  -  Change  "*insecr  to  "fungus,'* 
Gunge  Junius"  to  14 insect" 
f-  Change  "can  be  left  in  place"  to  "should  be  removed/ 

A23  -  I.  Tunnel;  excavate. 

1  Soft 

X  Chlorinated;  injected. 

4,  Dusts;  carried. 

5,  S  out  hem. 

6,  Eat;  excavate.  ^ 

7>  Tunnels;  dusted;  powders. 

8.  Coat:  paint. 

CHAPTER  3 


A  Lti  -  J,    b.  c.  e.  f,  and  g  are  true. 
2.    a  .  Delete  ihe  word  "not." 

d  -  Change  "above"  to  "below" 
ft  -  Delete  the  ward  "not." 

AI9-  I  Inspection;    preventive   control;    corrective  control. 

2,  Planning;  construction, 

3,  Stumps;  logs;  boards;  stakes;  form  lumber;  wood  scraps; 
grading:   drainage;  air  ventilation:  chemically, 

4,  Residual  insecticide. 

5,  Wood  preservative 

6,  Coat:  paint, 

7,  Above:  outside. 

fl.  Dusting;    squirting;    surface   treatment,  fumigation. 

9.  Tnchlorobenzcne. 

10.  Methyl  chloride. 


A24 


A25 


A26 


A  20  -  I 

4 

b 

7 

* 

ID 

1 1 

12. 

13 

14 

15 

Ift 

17 

Itt 

19 

20 

21 

22 

h 

25 
2b 


A27 


A2B 


A29 


A30 


A3I 


e* 

a. 

b. 
a. 
o. 

C, 

L  The  bagwoun  is  a  caterpillar  which  lives  in  a  silken 
cocoonlike  bag  to  which  is  attached  bits  of  leaves  or 
stems  from  the  host  plant. 

C 

I  Cutworms  arc  smooth,  plump  caterpillars,  gray  or 
brownish,  and  2.5  lo  5.0  cm  long  when  full  grown. 

C 


E. 
E. 
E, 
B 

J. 

J. 
J. 

b. 
d. 
a, 
c. 


General  defoliators. 
Layers  of  the  leaf. 
Hand  pic  Icing. 
For  tile  use  intended. 


T 

T. 
F 

r 

T 

r. 

Burets. 

Tunneling  under  bark,  wood 
Fine  boring  dust:  larvae:  tunnels. 
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4    Paper;  burlap;  attack. 

5.    Carbon    disulfide;    paradichlorobenzene;  benzene 
heKachlonde:  tunnels:  puny 


A_l2  -  1 
2. 

3 
4 

5 

7 
K 

■  I. 
2, 

3 
4 

5 

A34-  1. 
2 

A 

5. 

7 

Att  •  1 

3. 

5 
6. 


A.IK 


I 


m 
1 1 

12 

13.  h 

M-  J. 

A.V>  ■  J  I 


Wasps;  midges 

Stimulate:    swellings;    leaves:    twigs,  roots. 
Galls"  unsightly. 
Carbaryl.  night;  morning. 

C  harnbe  rs ,    depressions:    are;    have  been. 


C 
I 

I. 

C 

c 
c 
c 
1 


9.  Free;  soil;  roots. 

10.  Spiral. 

11.  Tips;  roots. 
15.  Bub;  young;  crimping:  deformation;  unproductive 
13  Parenchymatous;  plant;  salivary. 

U.  gall;  poisoned. 

A4I  -  ],    a.  Collect  soil  and  root  samples. 

b,  Cet  shipment  approval  from  the  local  agricultural 
department. 

c,  Place  the  plant  roots  and  most  of  ;he  soil  attached  to 
them  in  a  l-quan  polyethylene  or  freeze  bag. 

d*  Make  a  label  identifying  the  names  oHhc  installation, 
collector,  host  plant,  and  locality.  Put  the  label  in  the 
bag 

c.  Close  the  bag  with  a  rubber  band  and  put  it  in  a 
mailing  box. 

T  Wrap  the  bos  and  place  the  agricultural  permit  label 
on  the  box, 

g  Forward  the  bo*  to  the  appropriate  command 
entomologist. 

2.    a,  Become  familiar  with  quarantines  within  your  area  of 
operations. 

b.  Insure  that  incoming  and  outgoing  equipment  or  any ,. 
other  soiled  facility  U  thoroughly  steam  cleaned  or  at 
least   washed   ofr  and   allowed   to  dry. 

c.  Insure  that  all  nursery  stock  to  be  used  on  your  instal- 
lation are  procured  certified  free  of  plant  parasitic 
nematodes, 

A41  -  3.  a.  Preplan!  soil  sterilization. 

b.  Prepare  the  area  by  digging  leveling,  and  marking  it 
off  in  a  l*foot  grid  pattern.  Calibrate  equipment  and 
inject  recommended  volatile  liquids  at  a  depth  of  8  to 
10  inches  and  at  each  intersecting  grid  line  point. 

1.  a.  b,  C,  d.  et  and  f  are  true, 

2.  g.  Achatina  have  nor. 


A42 


A4J-1,  1, 
2 

J. 
4. 
5 
6 
7 


2. 

J, 
4. 


2     h  change  "black**  to  "bright  red." 
l  C 

Fall,  soil;  ^urt<  spring 
Three.       or  ihree.  hinge 
HdJf  dozen,  grubs. 
Bmitcn-up.  four-mcsh,  %ereen 

Small,  magnification 
rgg*;  miller 
Fhrilihirji  about 

■jctientar>  parasites r  endijpara^tic.  serniendn parasitic: 
ec  in  par  .is  me 
rued,  one.  death 
blunted,  vclbiu.  lire,  rwiw 
4     |  ..Kim 

[  rnuis.  LirvdC 

ft     V  i  i  rus.    up    d  ic  bjs-  Is .    ^  par  se  .    >  p  re  a  d  in  jl 

E  colons  n*oH,  voil 
*     I  mcrn.il]>.  mots,  planis 
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a, 
fl 
b, 
d. 
e 

Above. 

Acs  illation. 

Self-fertilization. 


A 44  -  I,  Horticultural;  quarantine, 

2,  Sheets;  wrapping  paper, 

3,  Early  in  the  morning;  a  rain. 

4  Origin:  arrival 

5  Slime. 

A 4 5  -  1-  h.  tt  d,  e.  g,  and  h  are  true. 

2r  d.  alter  "normally"  insert  "do  noi/ 
I  Delete    "repelJam"   and  add 


"contact    poison  ' 


era  » 
^  Jo 


A46  ■  I  Microscopic;  chlorophyll;  conducive, 

2.  K,CHM 

3.  Wounds;  natural  openings,  cuticle;  epidermis. 
4  Nutrients;  growth;  rep  rod  uci  ion, 

.A  J  7  -  L  d 

2.    a.  b 

1  t.  t 

A4K  -  J     a  C 

h  r 

c  t* 

J  i 

2  d  hcleLt;  "Correct"  and  insert  ""present,4' 
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COLLECTION,  IDENTIFICATION,  AND  CONTROL  OF  IMPORTANCE  ECOHOMIC  PESTS 

Carefully  read  the  following: 
DO's: 

1-  Check  the  "course,"  "volume,"  and  "form"  numbers  froa  the  anawer 
sheet  address  tab  against  the  "VRE  answer  sheet  identification 
number"  in  the  righthand  column  or  the  shipping  list*  If  numbers  do 
not  match,  take  action  to  return  the  answer  sheet  and  the  shipping 
list  to  ECI  immediately  with  a  note  of  explanation. 

2.  Note  that  item  numbers  on  answer  sheet  are  sequential  in  each 
column. 

3*    Use  a  medium  sharp  42  black  load  pencil  for  marking  answer  sheet* 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the  item* 
(When  you  review  for  the  course  examination  you  can  cover  your 
answers  with  a  strip  of  paper  and  then  cheek  your  review  answers 
against  your  original  choices.)  After  you  are  sure  of  your  answers, 
transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 
on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a 
clean  eraser.  But  try  to  avoid  any  erasure  on  on  the  answer  sheet 
if  at  all  possible.  r  — 

5.  Take  action  to  return  entire  answer  sheet  to  ECI* 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7 .  If  mandatorily  enrolled  student,  process  questions  or  comments 
through  your  unit  trainer  or  OJT  supervisor.  If  voluntarily 
enrolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form  17- 

D0ITT3L 

1*    Don't    us>e  answer    sheets  other    than  one  furnished  specifically  for 

?ach  review  exercise*  \ 
2.    Don't  mark    on  the    answer  sheet    except  t6~  fill  in  marking  blocks, 
Double    marks  or    excessive  markings    which  overflow   marking  blocks 
will  register  as  errors. 
3*    Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet* 
J*  -    Don't  use  ink  or  any  marking  other  than  a  42  black  lead  pencil  * 
NOTE:    NUMBERED  LEARNING    OBJECTIVE  REFERENCES    ARE  USED    ON  THE  VOLUME 
REVIEW    EXERCISE.    In    parenthesis  after    each  item  number  on  the 
VRE  is    the  Learning    Objective  Number    where  the    answer  to  that 
item  can  5a  located.      When  ahswering  the  items  on  the  VRE,  refer 
to    the  Learning  Objectives  indicated  by  these  Numbers.      The  VSE 
results  will    be  sent    to  you    on  a    postcard  which  will  list  tire 
actual    VRE  items    you  missed.      Go  to  the  TOE  booklet  and  locate 
the  Learning    Objective  Numbers  for  the  items  missed*      Co  to  the 
text    and  carefully  review  the  areas  covered  by  these  references. 
Review    the    entire    VRE    again  before    you  take    the  closed-book 
Course  Examination, 

BEST  COPY  AVflMLE 
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1 .  (AOl)   What  peat  apins  and  carries  a  alike*  cms  during 
its  larval  stage? 

a.  Black  carpet  beetle. 

b.  Furniture  carpet  beetle. 

c.  Caaoaaklng  clothea  aoth. 

d.  Webbing  clothes,  noth. 

2.  (ACT)    Which  la  the  soat  destructive  carpet  peat? 

a.  Genoa  carpet  beetle. 

b.  Black  carpet  beetle, 
e.  Furniture  carpet  beetle, 
d.  Caseuking  clothes  noth. 

3-    ( A02)    The  presence  of  fabric  peeta  la  usually  dtaooeeped 


a.  during  routine  spraying  operatic* 

b.  after  they  have  damaged  clothing 
c-  while  the  'peats  are  Id  tfci 
d,  before  duage  to  olothlng 


4.    CA03)    The  best  preventive  oonfcral 


for  fabric 


a-    dry  cleaning  or  laundering  fehrl 

b.  treating  fabrics  with  reel  Ami 

c.  placing  clothing  in  a  cold  storage 

d.  placing  clothing  and 
bag  and  then  sealing 


f  anility. 


CAQ3)  The  beat  corrective 
peats  la 


ohaalcal  control 


1m  a 


for  f anne 


a.  fust-V gating  the  fabrloa. 

b.  treating  fabrics  with  residual  inseo  tioldee . 
c-    treating  baseboards,  floor,  closet  ahal 

areaa  where  fabrics  are  stored, 
d.    placing  paradichorobeuene  crystals  In 

are  stored. 


toils  or 

fabrics 


(A04)    What  peat  la  considered  the 

pest? 


it  important  whole  grain 


a* 
b. 


Cadelle. 
Rice  weevil. 


c,    Granary  weevil . 
d*    Drugstore  beetle. 


7. 


8.    (AOS)    Which  of  the  following  lnseots  is  the  worst  put  of  prepared 
cereals? 


9.  (AOS)    What  moth  Is  easily  r«oo0il&ad  by  pale  gray /drawings  with 
transverse,  wavy  black  Barkings?- 

a.  Indian  meal  moth. 

b.  Angouaois  grain  aoth. 

c.  Webbing  clothes  moth. 

d.  Mediterranean  floor  aoth. 

10.  (A06)    "A  peat  with  reddish  legs  and  a  light  olive-brown  color, 
mottled  with  darker  brown  and  gray,"  identifies  the 

a.  bean  weevil.  e.  cadelle. 

b.  pea  weevil.  d.    red  flour  beetle. 

11-    (A06)    Which  pest  lays  its  egga  only  in  the  field? 

a.  Bean  weevil,  e.    Confused  flour  beetle. 

b.  Pea  weevil.  d.    Granary  weevil. 

12.  (A07)    What  insect  is  referred  to  as  a  cheese  skipper? 

a.  Larder  beetle.  c-    Cheese  maggots., 

b.  Red- legged  ham  beetle.  d.  Cheesenite. 

13.  (A07)    Which  of  the  meat  and  cheeaa  Pests  also  infests  dog  bisouits 
museum  specimens,  and  dried  tobacco? 

a,  Larder  beetle.  o.    Red-legged  hap  beetle. 

b.  Cheeae  maggot,  d*    Cadelle  beetle. 

1ft.    <A08)    Which  beetle  dines  on  such  delicacies  as  strychnine,  belladonna, 
mumies,  and  lead?  ^  ~" 

a *    Khapra .  c  ,    Cigarette . 

b.    Caaelle.  d.    Drug  store* 


a.  Had  flour  beetle. 

b.  Cadelle. 


c.  Confused  flour  beetle. 

d.  Indian  seal  moth. 
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15.  (A09)  When  a  product  ia  found  to  contain  Iwrnm  of  a  apeoias 
belonging  to  the  genua  Trogodarma,  what  la  tba  mjnln«  number 
of  insects  per  \pound  to  Justify  for  condemnation  of  a  eoMOdity? 

a.  i.  \  e.    6.  fe^-* 

b.  3.  d.  TO. 

16.  (A09)    When  is  the  beat  time  to  inspect  commodities  that  are  brought 
on  baae  for  sale? 

a.  After  prolonged  storage. 

b.  Soon  after  storage. 

c.  laned lately  upon  arrival. 

d.  After  a  complaint  baa  been  rooelved. 

17.  (A  10)   Which  of  the  following  may  be  prevented  When  oeraal  products 
and  other  foods  are  stacked  against  warehouse  walla  or  oeilinga? 

a.  Fire  hazard.  o.    Damaged  packaging* 

b.  Rodent  harborage.  d*    Adequate  lnapaotlon. 

18.  (AlO)   All  of  the  following  era  forte  of  preventive!  control  for 
stored  prcduot  pasta  except 

a.  palletizing.  e.  fwlgatlon. 

b.  isolation.  d*    rotation.  1 

19-    (AM)    Which  type  of  oorraotlva  oontrol  of  stored  product  peeta 
is  res  trio  ted  to  use  on  walla  and  floors? 

a.  Residual  apraying.  o.    Space  spraying. 

b,  Radiation.  d.  Reclamation. 


20.  ( A  T  7 )    Vacuum  chambera  are  race— ended  for  whet  type  of  correotive 
control  of  stored  produot  pasta? 

a.  Space  spraying. 

b.  Fumigation. 

c-  High  frequency  alec  trio  fields, 

d.  Residual  spraying. 

21.  (A12)    Which  wood  material  ia  not  utilized  by  mold  fungi? 


a.  Starches.  o.  Gi 

b .  Sugar .  d .    Lignln . 

22.    (A  12)    Fori a  incraasaba  ia  an  example  of  which  type  fungi? 

a.  White  rot.  o.    Stain  fungi. 

b.  Water  conducting.  d*    Mold  fungi. 
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23.  ( Ai3>    The  maximum  paruisalble  moisture  content  for  sate  storage 
of  lumber  before  it  is  dip- treated  is 

a.    10  percent.  c-    30  percent, 

b*    20  peroent.  d-    40  percent. 

24.  (A13)    What  percentage  of  pentachlorophenol  la  reoonended  to 
sake  wood  almost  completely  impervioua  to  water? 

a.  1  percent.  c.    5  percent;. 

b.  3  percent.  d.    10  percent. 

25-    (A14)    The  insect  pasta  most  destructive  to  structures  at  military 
activities  are 

a.  fungi.  c.    carpenter  ants. 

b.  termites.  d.    carpenter  beea. 

26.    (Ai5)    To  what  genus  do  nonaubterraaean  teraites  belong? 

a.  Reticulitermas.  e.  Xylooopa. 

b,  Kalotermea .  d.  r^fjj 

27*    (Al6)    What  characteristic  best  distinguishes  sexually  mature 
reproduotive  termites  from  sexually  mature  reproductive  ants? 

a.  Termites  have  two  pairs  of  wings  that  ana  of  equal  length. 

b.  Ants  hava  two  pairs  of  wings  that  are  of  equal  length. 

c.  The  first  pair  of  wings  are  longer  than  the  aecond  pair 
of  wings  of  a  termite. 

d.  The  first  pair  of  wings  are  shorter  than  the  second  pair  of 
wings  on  an  ant. 

28.  (Al6)    The  body' of  a  termite  is  described  as  being 

a .  waap-waisted .  c .    elliptical . 

b.  slab-sided.  d.  tubular. 

29.  f A 77)    Why  ia  the  worker  caste  of  the  subterranean  termite  so 
important  to  the  colony  aa  a  whole? 

a.  They  protect  the  colony  from  invaders. 

b.  They  produce  eggs  to  sustain  the  colony. 

c.  They  produce  the  food  for  the  members  of  the  colony. 

d»    They  feed,  care  for,  and  maintain  all  of  the  other  members 
of  the  colony. 

30-    (A17)    Vicious  natural  predators  of  termites  are 

a.  ant  eaters-  c.  man. 

b.  monkey  3,  dU  ants. 
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(A  18)    What  form  is  used  to  record  both  termite  inspections  ml 

treatment? 


a.  AF  Form  290, 

b.  AF  Form  2467. 


c.  DD  Form  1SJ2. 
d*    DD  Port  1070. 


r5s 


32.    (A18)    What  is  the  primary  advantage  of  using  tormite  shields 

in  building  construction? 

a.  They  keep  termites  from  penetrating  expansion  Joint  fillers. 

b.  They  keep  termites  from  entering  areata  In  bricks  end  building 

blocks . 

c.  They  facilitate  detection  by  forcing  extension  of  termite 

tubes . 

d.  They  prevent  above  ground  pane trat Ion. 

33-    (A19J    When  is  the  best  time  to  provide  protection  against  termites? 

a.  Immediately  after  construction  is  completed.. 

b.  During  the  final  construction. 

c.  During  planning  and  construction. 

d.  One  year  after  construction  is  completed. 

34 ,    (A  19)    The  rodding  method  Is  a  procedure  used  for 


35, 


36, 


37. 


a.  preventive  termite  control. 

b.  corrective  termite  control. 

c.  site  sanitation. 

d.  structural  fumigation. 

+• 

(A20)  Which  one  of  the  powder  post  beetles  is  Identified  by  larval 
tunnels  tightly  packed  with  f  rasa  and  running  parallel  with  the 

wood  grain? 


a.  Lyctidae, 

b.  Anobiidae. 


c.  Bostryohldas* 

d,  Cerambyoi'das. 


(A20)    The  larvae  of  which  powder  post  beetles  attack  the  aspuood 

of  pine,  oak,  beech,  alder,  and  willow?  . 


a.  Anobiidae. 
b-  Lyctldae. 


c.  Bostrychidae. 

d.  Carambyeldes* 


(A2i)    Which  adult  powder  post  borers  can  usually  be  recognised 

by  their  bright  metallic  colors? 


a.  Lyctldae* 

b.  Buprestidae, 


c.  Bostrychldae. 

d.  Cerambyoidne. 
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38.    (A22)   for  use  on  stored  mod  subject  to 
wood  preservative  without  insecticide  la 


»  an  «EO*U«At 


a*  chlorinated  hydrocarbon 
b.  trichlorobenzene* 


c.  peatachloroptaanol* 

d.  triaodtta  phosphate. 


39.  (A22)    What  correct  It*  control  for  powder  post  beetles  la  used 
to  treat  laid  flooring  in  buildings? 

a.  Brushing  with  an  oil  solution, 

b.  Spraying  with  an  oil  solution, 
e.  Spraying  with  pentaohloropbenol . 
d.  Brushing  with  pen taohlorophenol . 

40,  (423)    In  structures,  the  *ost  effective  preventive  treatment 
against  oarpantar  baao  la  to 

a,  spray  the  surface  with  pentaohloroptanol. 

b.  spray  the  surface  with  trlohlorcmetLana. 

c<    spray  the  surface  with  chlorinated  hydrocarbons, 
d.    apply  a  heavy  protective  coating  of  paint. 

*1-    (A23)   Carpenter  ants  and  bees  use  wooden  structures  to 

a.  provide  nesting  sites* 

b-  provide  food  for  the  larvae. 

Ci  escape  from  their  predators. 

d.  obtain  food  for  themselves. 

42.    (A24)    Which  of  the  caramon  lepldopters  defoliators  deposits  Its 
eggs  on  twigs  in  late  fall? 

a.  White-marked  tussock  moth. 

b.  Fall  eankerworm. 

e.  Gypsy  moth. 

d.    Fall  webworms. 

43*    (A2U)    Tht  cannon  lepldopters  defoliators  that  feed  mainly  on 
trees  such  as  apple,  alder,  birch,  oakt  and  willow  are  the 

a.  white-marked  tussock  motha. 

b.  fell  canker-worms. 

c.  gypsy  moths. 

d.  fall  webworms. 

M.    U25)    Which  of  the  webbing  lepldopters  defoliators  spends  the 

winter  an  pupa  In  a  thin  cocoon  on  the  ground? 

a.  Fall  eankerworm.  c.    Eastern  tent  caterpillar. 

b.  Fall  web worm.  d.    Spruce  bud  worm. 
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"5.    U25)    Which  very  deatuctive  vebblng  lepidoptera  defoliator 
spends  its  lsrval  stage  in  pro tooted  covering  under  bark 
scales? 


a.  Fall  cankemoma. 

b.  Pall  webworma. 


o.    Eastern  taut  caterpillars 

d*    Spruce  bud 


46.  (A26)  The  lepidoptera  defoliator  that,  aa  a  oetsrplUar,  liiu 
in  a  silken  cocoon-llke  bag  to  vhioh  la  attaobetf  bita  of  leavaa 
and  s teas  from  the  host  plant  la  the 


a. 


bagworm. 
outworn. 


a.  fall 
d.    eastern  tent  caterpillar*. 


47-    (A26)    The  lepidoptera  defoliators  that  are  seldom 

they  uaually  remain  hidden  under  clods  of  earth  or  la  the  topeoH 
during  the  day  are 


49, 


a.  bagworas. 
b*  cutworms* 


e.  fall 
d.    aaatera  tent  mtarpUlars. 


(A27)  The  larvae  of  which  skeletonising  defoliators  hatch  in 
the  ground  and  feed  on  decaying  vegetation  and  plant  roots? 


a.  Japanesea  beetles* 

b.  Fall  cankarvorms. 


c.    Kin  leave  beetles. 

d+  Cutworms* 


(A28)    The  holly  leaf  miner  la  the  larval  a  tag*  of  a 


a.  small  dark  or  yellowish  fly* 

b.  sail  gray  aoth. 

c.  wedge-shaped  beetle. 

d.  white  with  blackapot  fly. 


50,    (A28J    The  larvae  of  uhioh  type  of  leaf  miner  eata  kidney- shaped 

blotches  on  leaves? 


51 


a.  Holly. 

b.  Baaawood. 


e.  Arborvltae. 
d»  Birch. 


(A20)    The  larvae  that  eat  cut  the  inaidu  of  terninal  leaves  are 


a.    holly  leaf  miners, 
b*    baaswood  leaf  miners. 


c.  arborvitae  leaf  miners.; 

d.  birch  leaf  Miners. 


52, 


(A29>    Chemical  control  of  bagworu  la  effective  only  in  jthe 


a*  late  summer, 
b.  fall. 


c.  winter. 

d.  spring  and 


/ 

ly  au^mar. 

/ 


5^4 


/ 
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53-    (A30)    Sartc  beetles  and  engravers  can  be  recogonlxed  by  the  oharaottrlatlo 
pattern  of 


54.    (A30)    A  method  uaed  to  lessen  the  attack  of  bark  beetles  15  to 


a.  straight  galleries. 

b.  winding  galleries. 


c.  stripping  of  baric. 

d.  oolor  ohange  in  the  n 


a.  spray  the  tree  with  a  protective  paint. 

b,  spray  the  surrounding  foliage  with  herbicide, 
c-  out  and  destroy  the  infested  tree. 

d,  soore  around  the  base  of  the  tree. 

55.    (A30    To  kill  borers  within  wood  or  bark  you  oan  use 


a.  carbon  disulfide. 

b .  pentachl orophenol . 


c.  calcium  carbonate. 

d.  fertilizer  and  water. 


56.    (A3l)    Newly  transplanted  trees  can  be  somewhat  protected  from 
borers  by 


57, 


a.  wrapping  the  trunk  with  paper  or  burlap. 

b,  spraying  the  roots  with  inseoticide  before  backfilling, 
c    spraying  the  new  foliage  with  insecticide. 

d.    filling  all  existing  holes. 

i 

U32)  What  minute  reddish  or  yellowish  arthropod  infeata  ornamental 
plants  and  shade  trees? 


a.  Aphid. 

b,  mealy  bug. 


c,  Spider  mite. 

d.  Leaf  hopper. 


58.    (A32)    A  bug  that  sucks  large  quantites  of  sap  from  plants  and 
causes  numerous  small  pinholes  in  the  phloem  and  bark  tissue  is 

the 


a.  spider  mite. 

b.  aphid. 


c.  jaealy  bug- 

d.  spittle  bus. 


59.    £A32)    An  insect  that  is  the  sole  source  of  some  brilliant  dtyes 
is  the 


a.  scale  insect, 

b.  aphid. 


o.    mealy  bug. 
d.    spider  mite. 


60.    (A33)    Insect  galls  can  be  differentiated  frcm  other  types  of 
sails  because  they 

a.  are  not  as  large  as  other  galls* 

b.  contain  one  or  more  chambers  or  depressions* 

c.  are  honeycombed  on  the'  plant. 

d.  are  larger  than  other  galls  and  are  white  in  color* 
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61.  t A31*  >    Sumer  oils  should  not  p#  sprayed  if  XM  temperature  is 
above 

a-    52°  P.  o.    78°  F. 

b.    6A°  P.  d.    86°  F. 

62.  U34)   When  it  la  necessary  to  a  prey  in  srves  iter*  oars  are  perked, 

what  action  should  be  taken? 

a*  Spray  away  from  the  cars. 

b.  Cover  the  cars  with  pi  a*  tie 

c-  Display  warning  signs  on*  day  in  advance. 

d.  Ho  precautions  are  necessary. 

63-    U35)    Grubs  normally  lie  in  a  curled  position.    The  ©caption 

to  this  rule  Is  the 

a.  June  beetle.  c-  wireworu. 

b.  Japanese  beetle.  d,    bill bugs. 

64.    (A35)    Wireworms  are  sost  prevalent  in 

a.    dry  sandy  soils.  o.    pastures  and  bay  fields, 

b-    gardens  and  orchards.  d.    high  rainfall  areas* 

65-    (A35)    Normally,  pavement  ants  are  found  in  lawns  in 

a.  the  Atlantic  Coast  states, 

b*  Texas  and  Louisiana. 

c.  the  West  Coast  states.  { 

d.  the  Mew  England  states. 

66.    (a36)    The  fiery  skipper  «oth  is  a  lawn  pest  normally  found  la 

a.  Texas  and  Louisiana. 

b.  the  New  England  states. 

c.  the  Atlantic  Coast  states. 

d.  California. 

67*    CA36)    The  best  way  to  distinguish  between  the  arwywona  and  the 
fall  armyworn  is  that  the 

a.  fall  army worm  ia  more  brilliantly  colored. 

b.  armyvorm  has  a  white  dot  on  each  forewing. 

c.  arutyworm  feeds  only  during  the  day. 

d.  fall  armyworn  remains  in  the  soil  at  night. 

68.    (A37)    One  of  the  most  destructive  of  the  turf  attacking  insects 

is  the 

a.  leaf  bug.  c.    chinch  bug. 

b.  leaf  hopper.  d.    scale  insect. 
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59.    (A37)    Which  of  the  following  turf  attaokins  insects  are 
In  the  southern  states? 


71 


a.  Leaf  buna. 

b.  Chinch  bugs. 


c«  Leaf  hoppers, 
d.    Soale  inaeota. 


it 


70.    ( A3Q )    Sifting  broken-up  sod  through  hand  sifters  Is  the  recooaanded 
method  for  detecting  the  presence  of 


a.  grubs. 

b.  chinch  bugs. 


c.  outworas • 

d.  wireworaa. 


(A3fl)   Which  of  the  following  turf  and  lgwn  damaging  insects  can 
be  detected  by  pushing  a  tin  cylinder  Into  the  ground  and  filling 
tne  cylinder  with  water? 


a.  Grubs. 

b .  Cutworms . 


o.  Chinch  bugs* 
d.  Wlrevonu* 


72. 
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(A39)    Nematodes  are  classified  as 


c.  animal  parasites, 
d*    all  of  the  above. 

(A 39)    Nematodes  are  also  known  as 


a.  free-living. 

b.  plant  parasites. 


76. 


a.  cutworms. 

b .  wire worms . 


c.  roundworms. 

d.  armywonas. 


74.    (A40)    In  which  type  of  root  attacking  nematodes  does  the  female 
become  fixed  In  one  position  where  she  feeds  until  death? 


a.  Sedentary  parasites. 

b.  Endoparasitlc. 


c.  Seaiendoparastic. 

d.  Ectoparaaltlc. 


75.  Which  root  type  nematode  attacks  fruit  trees? 


a, 
b. 


Root-knot , 
Meadow, 


c+  Lanoe. 

d.    Stubby  root. 


(A4D  What  has  been  the  most  successful  method  of  controlling 
nematodes? 


a.    Quarantines . 

t>.    Soil  fumigation. 


c.  Herbicides. 

d.  Water-dispersal  namatocides. 


(A^2)  How  many  species  of  terrestrial  snalla  are  found  In  the 
continental  United  States? 


a, 
b. 


725, 
750, 


c.  900. 

d.  825. 
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78.  The  Meaiterranean  scutUL  ttiat  ia  eonSLoeraa  to  do  to*  mast 

diatructive  la  the 

a-    Theba  pisana .  c    Qtalg  lac tea.  *1  q 

b .    Achatina.  d.    Hollx  aaperta»-  I  | 

79-     CA43)    How  many  families  of  snails  are  found  in  the  United  State*? 

a.  5.  c.  9. 

b.  7.  d.  11. 

80.  (Ail 3)    The  aestivation  of  snails  refers  to  the 

a.  ability  to  reproduce  asexually. 

b.  preparation  of  a  nest  for  toa- 

c.  infestation  of  vegetation  by  anaila. 

d.  period  of  dormancy  during  the  summer. 

81.  (A^)^  To  facilitate  inspection  what  con  be  used  to  attract  and 
draw"" out  anally  and  slugs? 

a.  Fresh  fruits:*  o.    Sodlia  chloride. 

b.  Dried  apples.  d.    Sugar  water. 

82.  (A*MO    When  inspecting  wheeled  and  tracked  equipment  for  mails, 
what  i5  ^eccmmended  in  liou  of  or  in  addition  to  examination? 

a.  Submersion  in  chemically  treated  water.  s 

-  b.  .Spraying  with  dieael  oil. 

c.  Steam  or  water-jet  cleaning. 

d.  Treatment  by  infrared  lighting. 

S3.    (A*5)    J"he  beat  method  of  cultivating  soil  la  order  to  destroy  1 
snails  and  snail  eggs  is 

a .  discing.  o.  turning. 

b .  cultipa  eking  d .  harrying. 

8U-     (AU5)    What  predators  aay  be  used  to  control  snails  and  slugs? 

a*    Hogs.  c.  Snakes, 

b .    Chi  ckens .  d .    Lizards .  t 

as-    (Ai46)    What  is  the  common  «ii*  of  plant  fungi? 

a.  Size  of  a  dime.  c.  Hicroscopic. 

b.  Size  of  a  lemon.  d.  Hacroscopic. 

86.    (AU7)    What  type  of  disease,  commonly  found  on  rose  leaves,  appear  a 

In  the  form  of  raised  blisters? 

a.  Root  rot.  e.  Damping-off. 

b.  Dutch  elm  disease.  d.    Powdery  mildew. 
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C A48  >    What  la  the  most  effective  and^scmetimea  the  only  method 
available  for  controlling  most  of  the  fungus  diseases  of  plants? 

a.  application  of  chemical  sprays  not  chemical  dusts  on  the  plants 
or  Into  the  soil. 

b.  Application  of  a  cheml^oa^-apray  and  duat  combination  Into  the 
soil,  never  on  the  plants. 

c.  Use  of  a  chemica^  type  aeed  planted  just  beneath  the  existing 
plant  root.  *• 

d.  Application  of  chemical  sprays  or  dusts  on  the  plants ,  their 
seeds,  or  into  the  soil  where  the  plants  are  to  grow. 

UW)    What  important  points  should  be  considered  in  attempting 
to  control  plant  disease  erased  by  fungus? 

a.    Life  style  characteristics  of  each  fungus  with  no  particular 

attention  to  Its  habitat  preferences. 
b_    Life  style  characteristics  of  each  fungus,  its  habitat  preferences , 

and  its  performance  under  certain  environments* 

c.  Characteristics  of  fungi  under  various  climatic  conditions 
with  special  attention  to  its  rate  of  growth  and  appearance; 

d.  Special  attention  to  its  rate  of  growth  under  certain  temperatures, 
with  additional  attention  in  its  habitat  preferences. 
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Preface 


THIS  VOLUME  of  CDC  56650,  Entomology  Specialist*  provides  you  with  knowledge 
concerning  the  more  important  vertebrate  and  vegetative  pets  which  in  eludes  domes  tic 
and  Held  rodents,  bats,  birds,  aquatic  plants,  woody  plants,  grasses*  and  herbacious 
broadleaf  plants,  In  order  for  you  to  become  a  certified  pest  controller,  you  must  be 
very  knowledgeable  in  these  subjects  as  well  as  those  previously  discussed. 

Please  note  that  in  this  volume,  we  are  using  the  singular  pronouns  he,  his,  and  him 
in  the  generic  sense,  not  the  masculine  sense.  The  word  to  which  these  pronouns  refer  is 
person. 

Appendices  A  and  B  have  been  bound  as  a  separate  inclosure.  This  supplement  is  for 
use  with  Volumes  4,  5.  6,  and  7, 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this  text, 
or  recommendations  for  its  improvement,  send  (hem  to  Tech  Tng  Cen/TTGOX* 
Sheppard  AFB  TX  76311.  NOTE:  Do  not  use  the  suggestion  program  to  submit 
corrections  for  typographical  or  other  errors, 

If  you  have  questions  on  course  enrollment  or  administration,  or  any  of  ECTs 
instructional  aids  {Your  Key  to  Career  Development,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO,  as  appropriate,  [f  he  can't  answer  your  questions,  send  them 
to  ECU  Gunter  AFS  AL  36118.  preferably  on  EC1  Form  17,  Student  Request  for 
Assistance, 

This  volume  is  valued  at  36  hours  (12  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of 
September  1977. 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  Is  developed  by  a  scries  of  Learning  Objectives.  Each  of  these 
carries  a  3-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for  you.  The  text  that  follows  the 
objectives~giv^iLvou  the  information  you  need  to  reach  that  goal.  The  exercises  following  the  Information 
give  you  a  check  oh  your  achievement.  When  you  complete  them,  see  if  your  answers  match  those  in  the  back 
of  this  volume.  If  your  response  lo  an  exercise  is  incorrect,  review  the  objective  and  its  text. 
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Vertebrate  Pests 


THE  DOMESTIC  RODENT  is  a  major  problem  on 
military  installations.  One  of  your  primary  duties  is  lo 
control  these  pests.  Not  only  must  you  contend  with 
the  domestic  rodent*  but  you  must  control  several  field 
rodents, 

Other  field  vertebrates  that  you  need  to  be  able  to 
recognize  and_manage  include  rabbits,  hares,  moles, 
shrews,  and  predatory  animals.  This  chapter  covers 
these  pests  as  well  as  bats*  birds,  and  domestic  animals. 

1-1.  Domeatlc  Rodenta  (Order  Rodentla,  Family 
Murfdam) 

Three  species,  of  murine  rodents  live  in  close 
association  with  humans:  the  Norway  rat  (Rattus 
norvegicus),  ihe  black  01  roof  rat  (Rmtus  ronus)*  and 
the  house  mouse  (Xfus  muscufus).  These  three 
imported  murine  rodents  are  far  more  important  to 
humans  and  their  property  than  are  the  rodents  that 
are  native  to  the  United  States,  One  or  more  of  these 
three  are  found  almost  everywhere  that  man  dwells. 
Because  these  rodents  live  near  humans*  they  are  also 
known  as  the  domestic  rodents. 

This  section  deals  with  the  importance* 
identification,  life  cycle,  habits,  habitats,  and  control 
of  the  murine  rodents. 

C01*  Complete  given  statements  concerning  the 
importance  of  murine  rodents. 

Murine  rodents  inhabit  the  buildings  and  destroy 
the  food  and  property  of  humans,  They  also  endanger 
human  well-being  by  being  the  reservoir  or  vector  for 
such  diseases  as  plague*  murine  typhus,  salmonellosis, 
leptospirois.  and  rickettsialpox.  They  also  serve  as  the 
host  for  ectoparasites  that  are  the  actual  vectors  of 
some  of  these  diseases,  We  will  divide  this  discussion  of 
the  importance  of  murine  rodents  into  two  parts: 
economic  and  medicah 

Economic  Importance.  The  murine  rodents* 
especially  the  roof  and  Norway  rats,  cause  tremendous 
financial  losses  each  year  by  destroying  and 
contaminating  food,  dilling  poultry  and  other 
domestic  animals,  and  destroying  property. 

Destruction  of  food.  Rats  eat  millions  of  bushels  of 
«r:nn  each  year,  They  eat  it  m  the  fields,  gram 


elevators,  processing  mills*  trucks  and  trains*  stores, 
and  homes.  Because  rats  are  omnivorous*  grain  is  not 
the  only  food  product  they  attack.  The  eating  cycle 
given  above  can  apply  to  many  olher  products. 

Contamination  of  food.  Rats  and  mice  commonly 
excrete  wastes*  both  feces  and  urine*  while  feeding  and T 
thus,  contaminate  and  make  unfit  for  human 
consumption  about  three  times  as  much  food  as  they 
eat.  To  give  you  an  idea  of  the  amount  of  damage  that 
is  possible,  rats  drop  from  25  to  100  pellets  a  day  and 
excrete  iO  to  20  cc  of  urine  each  day.  Another  way  in 
which  rodents  contaminate  food  is  through  the 
shedding  of  body  hairs. 

Destruction  of  poultry  and  other  domestic  animals. 
Rats  may  destroy  hundreds  of  baby  chicks  in  one  night 
and  have  seriously  injured  young  pigs*  lambs*  and 
calves,  This  type  damage  may  become  a  major  problem 
because  rats  kill  not  only  for  food  but  also  for  the  sake 
of  killing. 

Destruction  of  property^  Rats  destroy  by  gnawing. 
They  will  gnaw  through  such  items  as  concrete*  brick, 
wood*  and  even  metal.  Such  gnawing  could  cause  a  fire 
should  a  rodent  gnaw  through  the  insulation  on 
electrical  wiring.  Fire  could  also  occur  through 
spontaneous  combustion  from  flammable  materials 
gathered  for  use  as  nesting  materials.  Burrowing 
rodents  can  also  cause  severe  damage  to  structures  or 
runways  as  they  undermine  and  weaken  these  facilities. 
Rodents  on  aircraft  are  very  dangerous  because  their 
consistent  gnawing  habit  could  cause  damage  to 
electrical  lines*  pneumatic  lines,  or  Control  cables. 

Medical  Importance*  Although  there  are  many 
diseases  transmitted  by  the  rat.  only  the  ones  of 
importance  to  man  will  be  discussed  here. 

Murine  typhus  fever.  This  disease  is  transmitted 
from  rats  (the  reservoir)  to  humans  by  the  rat  flea,  It  is 
similar  to  epidemic  typhus*  which  is  transmitted  by 
human  lice.  The rickeltsiaj organisms causethedisease 
to  enter  the  bloodstream  when  feces  of  infected  fleas 
are  rubbed  or  scratched  into  a  fleabite  wound  or 
broken  skin  tissue. 

Plague.  A  plague  reservoir  exists  in  wild  rodents  of 
the  western  states  and  is  transmitted  from  rodent  to 
rodent  and  from  redtiu  to  humans  by  the  bite  of 
rodent  fleas,  There  is  always  a  danger  that  domestic 
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Leptospirosis  (Weils  disease).  Human  infections 
result  from  direct  or  indirect  contact  with  the  infected 
urine  of  rodents.  The  spirochetes  which  are  found  in 
water  or  on  food  may  enter  through  mucous 
membranes,  minute  cuts  or  abrasions  of  the  skin. 
Therefore.  Weil's  disease  is  more  often  found  in  sailors, 
miners*  sewer  workers,  fish  or  poultry  dealers,  and 
abattoir  (slaughterhouse)  workers. 

Raibite  fever.  The  bacteria  that  cause  this  disease  are 
found  on  the  teeth  and  gums  of  many  rats  and  are 
transmitted  from  a  rat  to  a  person  by  a  ratbite.  The 
most  frequently  occur  '  2  ratbite  fever  in  the  United 
States  is  called  Havertuij  sr. 

Salmonellosis.  Salmo-.cttcris  is  a  food  poisoning 
disease  that  causes  diarri.  va  at.  dysentery.  It  is  spread 
in  several  ways.  One  way  is  h\  -anamination  of  edible 
materials  with  rat  feces  containing  infective  bacteria. 
Salmonellosis  is  a  common  disease  found  worldwide. 

Rickettsialpox.  The  disease  is  transmitted  from  the 
House  mouse  to;  humans  by  the  bite  of  a  mite  that  the 
mouse  harbors.  Rickettsialpox  is  a  mild,  nonfatal 
disease  which  resembles  chicken  pox.  Although  these 
diseases  may  not  he  major  problems  in  the  United 
Stales  at  lhe  present  time,  there  is  always  the  possibility 
of  a  major  outbreak  as  long  as  rodents  are  living  near 
humans.  Also,  as  a  member  of  the  military,  you  may  be 
sent  to  areas  where  epidemics  of  these  diseases  are 
frequent;  therefore,  you  should  be  familiar  with  the 
vectors,  hosts,  and  reservoirs  of  each  of  the  diseases. 


Exercises  (C01): 

1.  Murine   rodents  inhabit  the 
destroy  the  and  


and 


of  humans. 


2.  Some  of  the  places  where  rats  eat  millions  of 

bushels  of  grain  a  year  are  in  r  — 

     and 


m  stores,  and  m 


3,  Rats  and  mice  commonly  excrete  wastes,  both 

 and  .  while  and 

thus,  contaminate  and  make  unfit  for 
    about  three  times  as 


much 


.  as  they  eat. 


4.  Rats  often  kill  for  the  sake  of  . 

5,  Rats  destroy  by  gnawing  and  will  gnaw  through 

:.uch  items  as  ,   ,    -  • 

and  even  . 


6.  Fire  could  occur  through . 


.from 


flammable  materials  gathered  for  use  as  

materials. 

7.  Murine  iyptius  fever  is  transmitted  from  rais  to 

man  by  the  

K   The  bacteria  that  causes  ratbite  fever  is  found 

on  the  and  of  many  rais  and  is 

transmitted  from  rats  to  humans  by  the  

of  the   

9.  Rickettsialpox  is  transmitted  from  the  

 to  human*  by  the  of  the  miles 

that  the   harhorv 

10.  Salmonellosis    ]*    a    common    disease  lound 


rodents  will  become  infected  and  carry  the  infection  to 
man.  This  disease  is  usually  fatal  to  rats,  fleas,  and 
humans. 

C02.  Distinguish  among  the  features  of  the  roof  rat, 
Norway  rat,  and  bouse  mouse,  and  Identify  the. 
droppings  of  these  murine  rodents.  ^ 

HeW  Identification  of  Murine  Rodents.  Rodent  J 
control  measures  cannot  be  effective  unless  you  know  U 
with  which  rodent  you  must  deal.  Thus*  you  must 
know  how  to  identify  the  three  most  important  species  / 
of  murine  rodents.  Table  1-1  describes  the  physical  * 
characteristics  that  you  can  use  to  make  your 
identification.  Identifying  factors  other  than  physical 
characteristics,  such  as  dropping  gnawing*,  or  trails, 
sometimes  will  be.  your  only  clues  to  a  correct 
identification.  See  figure  1-1  for  examples  of  the 
different  types  of  rodent  droppings.  The  following  text 
wiU  give  you  more  information  for  identification. 

Norway  raL  The  Norway  rat  (Rati us  norvegicus), 
predominantly  a  burrowing  rodent*  is  the  most 
common  and  largest  of  the  domestic  rats.  Numbers  of 
this  pest  are  generally  distributed  throughout  the 
United  States  and  the  temperate  regions  of  the  world. 
The  recognition  characteristics  and  biology  of  the 
Norway  rat  not  given  in  table  1-1  are  as  follows: 

Fur:  coin*,  reddish  brown 

Droppings:  large  (up  to  ihree-fodrthx  inch  long).  capiute^hapccL  ; 
Sexual  maturity:  attained  in  3  to  5  months.  ' 
Gestation  period:  average  22  days. 
Young:  average  ft  to  1 2  per  litter., 
Number  of  liners:  average  4  to  7  per  year. 
Length  of  life:  average  about  \  year. 

Harborage:  ground  level,  burrows  in  ground  and  under 

foundation*  of  buildings,  and  in  rubbish  dumps. 
Rangp:  frequently  KX>  lo  150  feet. 

Food  and  water  omnivorous*  garbage,  meat,  fish*  and  cereal:  v 
daily  requirement  3/4  io  1  ounce  dry  food.  I  /  2  to  1  ounce  of 
water. 

Roof  rat.  The  roof  rat  (Ran us  ratius),  an  agile 
climber,  is  a  middle-sized  rodent  with  a  range  confined 
largely  to  the  South  and  to  the  Pacific  coast  in  the 
Untied  States,  [t  is  found  most  abundantly  in  the 
tropical  or  temperate  regions  andris  rare  or  absent  in 
the  colder  portions  of  the  world. 

The  recognition  characteristics  and  biology  not 
given  in  table  t-t  of  the  roof  rat  are  as  follows: 


NORWAY  RAT  IflLUMTl 
jvERjGE  length 


HOUSE  MOUSE  ^POINTED) 
J*nE&J*GE  LENGTH  '4 


ROOF  RAT  (POINTS 
av£RjGE  LENGTH  *i* 


hj£Ure  1  I  Compiir^on  of  murine  rod<n(  droppings. 
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TABLE  1-1 

CHARACTERISTICS  AND  MEASUREMENTS  OF  ADULT  MURINE  RODENTS 


Species 

Norway  Rat 
(Rattus  norvegicua) 

Roof  Rat 
(Rattus  rattus) 

Howe  Mouse  ^ 
(Mus  musculus} 

Weight 

10  -  17  oz 
(280  -  480  gm) 

4  -  12  oz 
(110-  340  gm) 

1/2  -  3/4  oz 
(14  -  21  gm) 

Total  Length 
(Nose  to  tip 
of  tail) 

12  J/4  -  18  in 
(325  -  460  mm) 

Id  J/4  -  17  3/4  in 
(350  -  450  mm) 

6  —  7  1/2  in 
(150  -  190  mm) 

Head  and 
Body 

Blunt  muzzle; 
heavy  thick  body 
7  -  10  in 
(180  -  255  mm) 

Pointed  muzzle; 
slender  body 
6  1/2  -  8  in 
(163  -  205  mm) 

Small 

2  1/2-3  1/2  in 
(65  -  90  mm) 

Tail 

Shorter  than  head 
plus  body,  carried 
with  much  less 
movement,  com- 
paratively, than 
roof  rat-  Lighter- 
colored  on  under 
side  at  all  ages. 
6  -  3  1  /2  in 
{150  .215  mm) 

Longer  than  head 
plus  body  generally 
moving  whip-like, 
uniform  coloring 
top  and  bottom  at 
all  ages  and  for  all 
subspecies. 
7  1/2  *  10  in 
(190  -  255  mm) 

Equal  to  or  a  little 

longer  than  body 

plus  head. 

3  -  4  in 

{75  -  10  mm) 

Ears 

Small,  close  set, 
appear  half  buried 
in  fur.  Rarely 
over  3/4  in 
(20  mm) 

Large,  prominent, 
Stand  well  out  from 
fur.  Generally 
over  3/4  in  (20  mm) 

Prominent,  large 
for  size  of  animal, 
1/2  in  (15  mm)  or 
less 

Hind  Foot 

Usually  over 
1  1/2  in  (40  mm) 
from  heel  to  tip  of 
longest  toe. 

Generally  less  than 
1  l/2  in  (40  mm) 
from  heel  to  tip  of 
longest  toe. 

Feet  are  shorter, 
darker,  and  broader 
than  most  wild  mice. 
Generally  less  than 
3/4  in  (20  mm)  from 
heel  to  tip  of  longest 
toe. 

Fur.  Three  color  phases  in  the  Tutted  Stales  the  black  raWRattlts 
rartusf,  hlaek  to  slate-gray,  Alexandrine  rat  I  Rattus  ratim 
aJejtandrmtii}.  tawny  above  and  graytsh-white  beJow;  and  the 
fruit  rat  (Ratrus  rartus  fnjgivorusfr.  also  ta**ny  above  with  a 
uhite  to  lemnn-eulored  belly 
..    Hmppings  medium-sued  (up  tQ  1  -  inch  long),  spindle-shaped 
^  JSeTUiiJ  mjturtiy:  attained  in  }  xo  5  mnmhs 
0/(rtttum>n  period:  average  22  da>v 
*  jf  Ynung  average  6  to  S  per  Sitter 

Number  <>t  Utters  a\erage  4  to  6  per  >ear 

\UmtKT  wcafled  average  about  ^f)  per  year  per  female 

Lengih  oi  life,  average  ahoui  I  vear 

Harborjge:  jbove  grnund  level  indoors  in  Jlttcs.  JDd  between 

walls,  mildoor*  in  trees  and  den^e  une  grrnvth 
Rjng?  frequently  ILHJ  to  ]5U  reet 

Ku>d  Jnd  water  OmmvuroiJSL  vegetables,  fruits,  and  cereaJ 
gtJins.  daik  requirement  \  2  !ti  I  mince  dr>  food  Jnft  up  to  f 
uun«  *4(er 


House  mouse.  The  house  mouse  (Mus  musculus)* 
r  he  smallest  of  the  domestic  raderfts,  is  widespread  and 
abundant  throughout  the  United  States.  It  is  found 
from  the  Tropics  to  the  Arctic  regions  throughout  the 
world, 

The  recognition  characteristics  and  biology  ofthe 
house  mouse  not  given  in  lable  M  are  as  follows: 

Aduh  weight  I  2  ounce. 
Fur  dusky  gray. 

Droppings,  small  M  £  men.  long),  rod. shaped  % 
SeTtial  malum*  Jttamed  in  Vi  month% 
Cicstarmn  period,  average  19  day^ 

Ynuflg  average  5  to  ft  per  lilter.  *s 

Number  of  litters  ai  many  as  X  per  >ear. 

Number  weaned:  average  M)  u*  35  per  year  per  terrult: 
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003.  Complete  given  statements  pertaining  toliie  life 
cycles  of  murine  rodents*  / 

Life  Cycles  of  Murine  Rodents.  Theyfife  of  the 
average  rat  or  mouse  is  fairly  short,  and  the  young 
mature  rapidly,  As  you  recall,  the  gestation  period  is 
only  about  3  weeks.  In  addition,  it/is  possible  for 
females  to  be  producing  young  alrroost  continuously. 
Fortunately  for  control  efforts,  several  things  can  slow 
this  reproduction.  Mating  is  not -always  successful,  or 
is  ciot  even  attempted  immediately  after  young  are 
born.  Then,  too,  if  a  female  is Eiur$ing  young  and  is  also 
pregnant,  birth  of  the  new/litter  may  be  delayed  as 
much  as  a  week.  The  length  of  this  delay  depends  on 
the  number  of  nursing  yoting  and  the  size  of  the  unborn 
litter.  / 

Young  rats  and  nfice  enter  this  world  none  too 
gently.  Large  Litters  are  the  rule,  and  in  the  confusion  at 
birth  some  of  the  newborn  may  be  killed  and  eaten. 
Birth  is  usually  preceded  by  a  flurry  of  nest  building. 
Although  the  female  remains  quiet  during  the  birth, 
she  is  very  nervous  and  may  be  disturbed  by  intrusions. 
Often  wr~n  a^tat  or  mouse  nest  containing  youngis 
disturbed,  thy  mother  will  move  the  young  to  another 
place.  Man/  litters  thus  moved  probably  do  not 
survive.  In  any  event,  although  large  numbers  of  young 
rats  and  rtfee  may  be  born,  many  of  them  die  or  are 
killed  before  they  are  weaned. 

Thos/  young  rats  and  mice  which  survive  the 
accidents  at  birth  grow  very  rapidly  although  they  are 
virtually  helpless.  They  have  almost  no  control  over 
their/own  body  heat  or  temperature  and  may  become 
very  cold  when  left  umended  for  a  period  of  time  in 
coIjO  weather  Infant  Norway  rats  can  survive  a  body 
tcrtiperamreaslowas  34°  F.  (1,12°  C  ).  An  adult  rat  is 
killed  under  most  circumstances  when  bodv 
LtJTjperatUre  reaches  59°  F.  (15.12°  CJ,  The  growing 
/nfant  rat  slowly  acquires  the  ability  to  control  its  own 
body  temperature.  At  about  73  days  of  age  it  can 
maintain  a  high  temperature  even  under  cold 
conditions. 

Newborn  rats  and  mice  are  helpless  in  many  ways: 
t  heir  eyes  andears  are  not  open:  they  are  hairless;  and 
t  heir  legs  are  small  and  poorly  developed.  They  move 
about  by  a  combination  of  wriggling  and  paddling.  In 
fhe  Norway  n«  !be  ears  open  in  about  3  days,  but  no 
signs  of  hearing  can  be  detected  until  the  rat  is  12  days 
old.  During  this  early  period  mice  and  rats  respond 
largely  to  beat  and  touch,  although  they  probabiy  have 
some  ability  to  smell.  In  all  three  species  fine  hair 
appears  on  the  body  in  abouua  week-  They  open  their 


at  about  12  to  14  days  of  age.  At  this  time  the 
ady  active  youngsters  enter  a  period  of  intense 
estigative  behavior.  They  begin  to  take  excursions  ' 
ut  of  the  neat,  often  as  a  result  of  foil  owing  the  mother  * 
when  she  leaves.  For  abont  3  weeks  the  young  depend 
on  the  mother  for  food.  They  begin  to  take  solid  food 
in  the  middle  of  the  third  week.  At  the  end  of  this 
period  they  can  Jive  away  from  the  mother  if  forced  to. 

Mice  can  actually  survive  on  solid  food  as  soon  as 
the  eyes  are  open  although  they  normally  do  not  begin 
to  take  such  food  until  a  few  days  later.  In  the  wild,  the 
mother  rat  or  mouse  may  feed  her  litters  until  they  are  4 
to  5  weeks  old.  By  this  time  their  activity  is  essentially 
adult  except  for  stxiial  behavior  and  fighting.  These 
latter  activities  appear  later  and  at  the  same  time,  in 
rats  at  2  to  3  months  of  age,  and  in  mice  when  they  are 
about  2  months  oldT' 

Exercises  (C03): 

I  -  The  life  of  the  average  rat  or  mouse  is  fairly  

and  the  young  mature  

2.  Although  large,  numbers  of  young  rats  and  mice 

may  be  born,  many  of  them  or  are  

before  they  are  weaned. 

3.  Young  mice  a^id  rats  have  almost  no  control  over 

their  own   heat  or  temperature  and  may 

become  very  cold  when  left  for  a  period  of 

time  in  cold  weather 

4.  Newborn  rats  and  mice  are  helpless  in  many  ways:  . 

their  ■  . and  »  are  not  open;  they  are  ' 

 i  and  their   are  small  and  poorly 

developed,  >  / 

5.  In  all  three  Species  fine  hair  appears  on  the  body  in 
about  !_ . 

6.  They  open  their  eyes  at  about  to  days 

of  age. 

7.  For  about  weeks  the  young  depend  on  the 

mother  for  food. 

Mice  can  actually  survive  on  solid  food  as  soon  as 

the  although  they  normally  do  not 

begin  to  ^ake  on  food  until  a  few  days  later, 

CQ4.  Discriminate  between  true  and  false  statements 
pertaining  to  the  habits  of  mnrine  rodents,  and  correct 
those  that  are  false. 

Habits  of  Murine  Rodents.  To  control  murine 
rodents  effectively,  you  know  about  their  habits.  This 
objective  covers  the  general  activity,  reaction  to 
strange  objects,  climbing,  jumping,  swimming, 
nesting,  burrowing,  and  gnawing  habits  of  murine 
rodents. 

General  activity.  Young  rats  and  mice  gradually 
become  familiar  with  their  surroundings  while 
undergoing  a  "training™  period  with  their  mother 
Their  first  trips  away  from  the  nest  are  often  by 
accident.  Nursing  young,  clinging  to  their  mothers 
nipples,  are  sometime!!  dragged  from  the  nest  as  she 
leaves.  Later  they  may  follow  her  for  a  short  distance 
when  she  leaves  the  nest.  This  habit  of  following 
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increases  until  finally  they  regularly  accompany  her  as 
she  goes  about  her  normal  activities.  During  this 
period  they  I  cam  their  home  area  by  associating  with 
and  imitating  their  mother.  However,  there  is  no 
evidence  that  she  consciously  tries  to  teach  them.  They 
learn  by  imitation  and  experience,  part  of  the  latter 
being  gained  when  they  accompany  each  other  on 
forays.  By  the  time  the  youngsters  arc  3  months  old, 
they  are  very  active  and  are  completely  independent, 
This  level  of  activity  remains  high  until  they  are  about 
nine  months  old,  when  old  age  overtakes  them  and 
they  slow  down. 

When  food  is  abundant,  the  rat  shows  the  greatest 
activity  during  the  first  half  of  the  night.  The  rat 
becomes  most  active  at  or  shortly  after  dusk.  This 
activity  continues  until  about  the  middle  of  the  night. 
The  house  mouse  shows  a  similar  pattern  of  nocturnal 
activity,  and,  in  addition,  shows  a  second  Lesser  activity 
peak  starting  well  after  midnight  arjd  lasting  until 
dawn.  Superimposed  on  this  nocturnal  activity  are 
short  periods  of  restlessness  and  activity  ocurring  every 
few  hours  throughout  the  day  and  night,  these  shorter 
activity  periods  are  related  to  periodic  stomach 
contractions  in  the  rat1.  The  major  pattern  of  nocturnal 
activity  breaks  down,  however,  when  the  rat  is  hungry. 

Knowing  where  the  rats  and  mice  are  likely  to  go  is 
important  in  such  control  procedures  as  rat-proofing. 
They  like  to  use  regular  paths  or  runways,  especially 
along  walls  or  objects  that  present  a  vertical  plane. 
When  a  rat  or  mouse  wants  a  piece  of  food,  it  will  run 
under  and  behind  things  until  it  gets  as  close  to  the  food 
as  it  can.  Then,  if  the  food  is  in  the  open,  a  short  dash  is 
the  only  exposure  to  danger.  The  farther  away  from 
runways  that  traps  or  baits  are  placed,  the  smaller  the 
chance  that  they  will  be  visited. 

Reaction  to  strange  objects.  Rats  and  mice  very 
often  carefully  avoid  strange  objects,  even  strange 
food.  This  habit  contributes  greatly  to  their  ability  to 
survive  even  in  the  most  dangerous  environments. 
Strange  objects  may  be  dangerous  or  even  deadly.  It  is 
to  the  rodent's  advantage  to  investigate  them  very 
cautiously.  Interestingly,  this  ^strange-object"  reaction 
has  Led  to  many  stories  about  the  "wily"  and  "highly 
intelligent"  rat.  The  answer  to  a  great  number  of  these 
stories  is  that  the  rat  recognized  the  trap  only  as  a 
strange  object  to  be  avoided,  not  specifically  as  a  trap. 
Probably  one  of  the  reasons  that  the  last  few  rats  or 
mice  in  a  builidng  are  so  difficult  to  kill  is  that  these 
survivors  have  the  strongest  reaction  to  strange 
objects.  Hence,  they  avoid  all  new  attempts  to  kill 
them.  Rats  may  avoid  new  food  for  several  days.  This 
is  an  important  fact  in  poisoning  operations.  When  the 
rat  or  mouse  first  begins  to  take  a  new  food,  it  may  only 
take  "token™  amounts.  If  these  amounts  contain  a 
sublethal  dose  of  poison,  they  may  make  the  animal 
sick  and  thus  strengthen  the  avoidance  reaction.  This  is 
the  biologic  basis  for  the  use  of  unpoisoned  bait,  or 
pre  baiting,  before  the  poison  is  added.  The  feeding 
studies  also  indicate  that  hunger  causes  the  avoidance 
of  strange  objects  to  break  down  more  quickly. 


In  environments  where  "strange  objects"  appear 
regularly,  however,  rats  and  mice  may  show  Little  or  no 
evidence  of  the  avoidance  reaction.  This  is  particularly 
true  in  such  places  as  warehouses  where  a  constant 
turnover  in  harborage  and  food  is  occurring.  Rats 
feeding  on  garbage  are  accustomed  to  new  foods  and 
may  accept  anything  edible. 

Climbing  ability*  Roof  rats  and  house  mice  are 
notoriously  good  climbers,  and  even  the  Norway  rat 
can  climb  well  if  it  has  to.  There  are  records  of  Norway 
rats  having  crossed  wide  city  streets  by  walking 
telephone  wires.  This  use  of  wires  is  common  among 
roof  rats  and  house  mice. 

Rats  and  mice  can  climb  the  vertical  walls  of  most 
brick  buildings.  This  is  understandable  for  the  smaller 
house  mouse,  but  even  the  larger  rats  climb  well.  They 
can  climb  any  vertical  surface  where  they  can  get  a 
toenail  hold.  By  means  of  a  fingernail  test  of  the  surface 
of  the  average  brick  building,  you  can  see  how  easily  a 
rodent  could  hang  on.  Even  stucco  is  often  rough 
enough  to  permit  ready  climbing.  Vine-covered  walls 
are  perfect  runways,  and  since  the  vines  afford 
concealment  they  can  be  used  by  day  or  night.  Smooth 
surfaces  can  be  climbed  if  there  is  a  pipe,  a  corner,  or 
something  else  against  which  the  rat  or  mouse. can 
brace  its  back.  Rats  have  been  found  using  both  the 
outside  and  inside  of  rusty  3-inch  pipes  placed  against 
walls.  Nailhcads  or  screwheads  placed  too  close 
together  can  serve  as  steps  for  rodents  to  ctfmb.  Rats 
have  crossed  sheet  metal  flashing  by  catching  the  top 
edge  with  the  claws  of  their  forefeet  and  swinging 
across  overhand.  When  improperly  installed,  sheet 
metal  guards  have  failed  to  stop  rats.  Even  the  rat 
guards  used  on  ship  mooring  lines  are  seldom  installed 
properly  and,  therefore,  do  not  prevent  crossings. 

[n  rodent  control  work,  however,  it  is  necessary  to 
draw  a  line  between  the  possible  and  the  probable  in 
rodent  climbing.  For  example,  it  is  possible  for  rats  to 
climb  most  types  of  vertical  walls,  but  the  chance  of 
rats  climbing  these  walls  without  supporting  wires  or 
pipes  is  quite  remote.  Remember  that  rats  and  mice  do 
not  climb  at  every  opportunity.  They  work  only  as 
hard  as  is  necessary,  and  only  when  they  are  driven  by 
hunger  or  lack  of  shelter  will  they  try  the  feats 
mentioned  above.  This  practice  greatly  simplifies  the 
necessary  precautions  against  rat  entry  and  reduces 
rat  proofing  costs. 

Jumping  ability.  Because  rats  can  reach  as  much  as 
13  inches  aiong  smooth  vertical  walls,  a  safety  factor 
must  be  added  to  rat  guards  to  make  certain  that  the 
rodents  do  not  pass.  The  distance  that  should  be 
completely  clear  ol  possible  holding  points  ts  IK  inches. 
Rats  can  be  expected  to  make  a  standing  high  jump  of 
nearly  2  feet.  With  a  running  start  and  a  bounce  against 
the  vertical  surface  two-thirds  of  the  way  up  to  give 
them  a  boost,  rats  can  jump  a  little  more  than  3  feet. 
Under  these  conditions  even  the  much  smal'?r  house 
mouse  can  jump  more  than  3  feet  high.  J  .nping  out 
and  down  from  a  height  of  J5  feet,  a  rat  can  cover  a 
horizontal  distance  of  8  feet,  tt  can  do  even  better  with 
a  running  start. 
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Swimming  ability.  All  three  of  the  introduced 
murine  rodents  are  good  swimmers.  This  is  especially 
true  of  rats:  tliey  have  been  known  to  swim  as 
much  as  1 ,  2  mile  in  open  water.  There-are  reports  that 
rats  swim  up  through  floor  drains  without  hesitation. 
They  probably  come  from  a  manhole  or  other  break  in 
the  sewer  lines,  although  rats  may  live  in  the  sewer 
itself 

In  many  large  cities,  rats  use  the  older  sewer  systems 
as  regular  highways.  If  you  are  responsible  for 
rat  proofing  inspection*  you  should  be  familiar  with  the 
layout  of  the  major  sewer  lines  in  your  area. 
Information  is  especially  important  on  small  lines 
which  were  abandoned  but  not  removed  when  larger 
mains  were  laid,  This  is  very  important  in  cities  where 
the  first  sewers  were  made  of  wood. 

Setting.  Rats  and  mice  will  nest  wherever  they  can 
find  safety  close  to  food  and  water.  They  can  use  holes 
or  burrows  in  the  ground  to  hide  and  nest  outdoors.  In 
buildings,  rats  and  mice  use  double  walls*  the  space 
between  walls  and  ceilings,  closed -in  spaces  around 
counters*  or  any  place  hidden  from  view  that  enemies 
cannot  reach.  The  more  rubbish  that  is  piled  around, 
the  more  objects  that  are  stacked  in  comers  or  closets, 
the  greater  the  number  of  hiding  and  nesting  places. 

Generally,  rats  and  mice  build  their  nests  in  hiding 
places  that  are  relatively  quiet.  They  gather  whatever 
soft  material  is  nearby*  or  tear  up  paper  and  cloth  to 
line  the  nest. 

Rat  nests  generally  are  bowl-shaped  and  about  8 
inches  in  diameter.  Occasionally,  they  are  completely 
roofed  over.  In  addition  to  cloth  and  paper,  such 
materials  as  grasses,  excelsior,  small  twit^.  aFia"  other 
soft  materials  may  be  used. 

Mouse  nests  are  simitar  to  rat  nests  but  are  smaller, 
about  5  inches  in  diameter.  Normally,  they  are 
completely  covered,  and  entrance  is  through  a  small 
hole  in  one  side.  Nest-building  activity  is  greatest  just 
before  young  are  horn  and  at  the  start  of  cold  weather. 

In  addition  to  disclosing  nesting  sites,  a  careful 
search  may  reveal  hidden  resting  and  feeding  stations. 
These  are  places  safe  from  enemies  where  rats  and  mice 
can  eat  or  rest  undisturbed.  These  stations  are  usually 
found  somewhere  between  the  food  supply  arid  the  nest 
or  burrow  entrance.  To  these  spots  the  mice  and  rats 
carry  or  drag  food,  and  they  leave  behind  feces,  food 
wrappings*  and  scraps.  The  ideal  condition,  of  course, 
is  where  harborage  is  such  that  runways.  too,  can  be 
concealed.  Too  often  thjs  condition  is-'found  around 
homes  and  business  places. 

Burrowing,  The  three  murine  rodents  differ 
considerably  in  their  tendency  to  burrow.  This  habit  is 
most  highly  developed  in  the  Norway  rat.  As  an 
adaptation  to  burrowing,  the  ears  of  this  species  are 
small,  and  the  hairs  in  [he  ear  openings  keep  dirt  out 
The  roof  rat  is  more  adapted  to  a  life  of  dtmbing.  It 
burrow  t»nk  in  areas  where/Soruay  rats  are  absent, 
lis  burrow  system  »s  seldom' extensive 

House  mice  burrow  where  other  harborage  is  not 
available.  In  and  around  buildings;  mice  seldom  have 
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trouble  finding  cover,  but  in  open  fields  they  burrow 
well  and  extensively. 

Because  of  a  peculiarity  in  rat-burrowing  habits, 
rodent  control  workers  have  developed  the  L-shaped^ 
curtain  wall  to  protect  buildings  from  rat  entry  under  Q 
the  foundation  walls.  When  rats  and  mice  attempt  to  / 
burrow  under  a  wall,  they  often  begin  a  short  distance  \ 
away  and  burrow  at  an  angle  toward  the  wall,  UsuallyOr 
they  reach  it  before  they  are  IS  inches  deep*  and  upon  \ 
reaching  if  they  may  follow  it  downward.  Most 
important  once  they  reach  the  wall  they  will  not  dig 
away  from  it  to  go  around  an  obstruction. 

Gnawing*  Nature  seldom  has  provided  an  animal 
with  a  more  effective  cutting  tool  than  the  rodent's 
front  or  jncisor  teeth  (fig.  1-3).  Young  rats  and  mice 
begin  to  gnaw  as  early  as  the  second  week  of  life. 
Throughout  theirlives  the  teeth  keep  growing  rapidly. 
In  adult  laboratory  rats,  the  average  growth  for  upper 
incisors  is  inches  a  year,  and  the  lower  incisors  grow 
SVi  inches.  The  growth  rate  in  wild  rats  probably  is 
similar.  This  fast  growth  allows  continuous  gnawing 
without  wearing  out  the  Cutting  edge  of  the  teeth.  It 
may,  however,  cause  trouble.  Sometimes  rodents  are 
found  with  a  front  tooth  broken  and  the  one  in  the 
opposing  jaw  very  long.  This  bears  out  the  idea  that  the 
grinding  action  of  the  opposing  teeth  helps  keep  the 
teeth  short.  It  is  believed  that  the  hard  enamel  on  the 
front  of  the  rodent's  incisors  wears  awa^  the  softer 
dentine  on  the  back  of  the  opposing  tooth  and  thus 
helps  keep  fhe  tooth  sharp.  It  is  difficult  to  see  how 
gnav.;-ig,  as  such,  could  keep  the  teeth  sharp,  although 
this  id<*",  still  persists.  It  would  be  like  a  chisel  that  grew 
sha-  ^  "he  more  it  wa^  used. 

,  Rau  t.  "  ..iice  win  gnaw  almost  anything.  Some  of 
this  gnawing  -  r>-riy  to  keep  the  teeth  short,  for 

some  of  it  seems  to  aer,  _  nu  other  purpose.  This  would 
explain  why  many  holes  are  gnawed  much  larger  ttian 
necessary.  It  also  explains  random  cutting  of  furniture 
legs  and  counier  posts. 

To  get  to  food,  rats  and  mice  gnaw  any  material  with 
a  gnawing  edge  that  is  softer  than  the  enamel  of  their 
teeth.  This  material  includes  such  things  as  wood, 
paper  board*  cloth  sacks,  lead  pipes,  cinder  block, 
asbestos,  and  aluminum.  They  have  pierced  concrete 
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used  for  rat  proofing  before  it  had  time  to  harden  and 
have  even  gnawed  through  sun-dried  adobe  brick. 
Roof  rats  are  even  better  at  gnawing  than  are  Norway 

rats, 

£xerc»S«  ICQ4); 

Id entity  (he  following  statements  as  correct  or 
incorrect.  Amend  those  that  are  incorrect. 

  I.  You  must  know  the  habits  of  rodents  to 

control  them  effectively. 


—  2.  Young  rats  and  mice  are  trained  by  their 
father, 


  3.  Rats  become  more  active  at  dawn. 


  4.  Rats  and  mice  avoid  strange  food. 


_  5.  Rats  and  mice  can  climb  vertical  walls  of  brick 
buildings. 


_  c<  Rats  can  make  a  standing  high  jump  ol  4  feet. 


  7.  Rats  are  good  swimmers.  They  can  even  swim 

up  through  floor  drains. 


  8.  Rats  and  mice  generally  build  their  nests  in 

noisy  places. 


  <J.  The  burrowing  habit  is  most  highly  developed 

in  the  Norway  rat. 


—  IU.  The  teeth  of  rats  and  mice  keep  growing 
throughout  their  lives, 


COS.  Complete  given  statements  concerning  the 
feeding  habits  of  murine  rodents, 

Feeding  Habits  of  Murine  Rodents.  The  feeding 
habits  of  rats  and  mice  are  sufficiently  different  to 
require  different  controls.  All  three  species  have 


regular  eating  habits,  determined  by  different  in  the 
species,  in  the  amount  and  kind  of  food,  and  in  the 
dangers  involved  in  securing  it. 

Rati  usually  begin  searching  for  food  a  little  after 
sunset  each  day.  However,  mice  aresmalland  hard  to 
«et  and  come  out  during  the  day  whenever  possible. 
They  all  treat  food  much  the  same  way,  once  they  find 
it.  Usually,  they  carry  or  drag  it  to  a  hiding  place  before 
eating  it.  Occasionally  they  eat  the  food  on  the  spot  if  it 
is  in  small  enough  pieces.  Usually,  however,  rats  and 
mice  will  eat  in  the  open  only  if  they  are  starved,  if  no 
enemies  are  around,  or  if  the  pieces  are  too  big  to  move 
to  cover. 

Rats  are  fairly  steady  eaters.  Mice  are  nibblera, 
taking  a  bit  here  and  a  bit  there.  Hence,  in  efforts  to 
poison  mice  a  great  many  bails  should  be  put  out  quite 
close  together  to  make  sure  that  the  mice  nibble 
enough  to  kill  them. 

Norway  rats  feeding  on  mixed  garbage  perter  such 
foods  as  meats,  grain,  grain  products  (such  as 
oatmeal),  cooked  eggs,  and  potatoes.  On  the  other 
hand,  they  show  very  little  desire  Cor  such  foods  as  raw 
beets,  peaches,  onions,  celery,  cauliflower*  and  $reen 
peppers.  There  appears  to  be  art  aversion  to  highly 
spiced  foods. 

The  choice  of  food  is  determined  largely  by  the 
environment  of  the  rat  or  mouse.  For  example,  citrus 
fruits  are  not  preferred  by  rats  and  mice,  but  in  Florida, 
the  roof  rat  is  considered  a  serious  pest  in  citrus  groves. 

Exercises  <C05); 

1.  The   feeding    habits   of   murine   rodents  are 
determined  by  differences  in  the  Z  ,  in  the 

and  kind  of  ,  and  in  the 
 involved  in  securing  it. 

2.  Rata  usually  begin  searching  for  food  a  little  after 
 day. 

3.  Hats  are  fairiy    eaters,  where  mice  are 

4.  Norway  rats  feeding  on  mixed  garbage  preferred 

such  food  as  ,  

 and  

5.  The  choice  of  food  is  determined  largely  by  the 
 of  the  rat  or  mouse. 

CQ6.  Identify  as  true  or  false  given  statements 
pertaining  to  the  signs  of  the  presence  of  murine 
rodents,  and  correct  those  tbat  are  false. 

Survey  and  Inspection  for  Murine  Rodents,  Often 
you  must  inspect  an  area  to  determine  the  extent  of  rat 
or  mouse  infestation.  Often  rodents  leave 
characteristic  signs  of  their  activities  behind  them. 
These  signs  can  often  tell  you  the  species  present,  the4 
degree  and  location  of  the  infestation,  and  the  habits  of 
the  animals*  It  is  always  desirable  that  you  observe  as 
many  signs  as  possible  before  you  make  a  decision  as  to 
the  presence  and  degree  of  any  rodent  infestation. 

Sight,  The  most  positive  proof  of  infestation,  of 
course*  is  to  see  a  live  rat  or  mouse.  However,  because 
these  rodents  generally  are  nocturnal  and  secretive  in 
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their  habits,  live  animals  seldom  arc  seen.  As  a  rule,  it  is 
only  in  very  heavy  infestations  that  rats  and  mice  show 
themselves  when  humans  are  present,  They  are 
especially  secretive  if  there  is  much  human  activity  in 
the  area, 

Dead  animals  may  indicate  either  a  current  ora  past 
infestation.  If  the  carcass  is  dried  or  reduced  to  a 
skeleton,  it  may  mean  only  a  former  infestation.  If 
many  recently  dead  animals  are  found,  find  out 
whether  poisons  have  been  used  in  the  area.  \\  poisons 
have  not  been  used,  there  is  the  possibility  that  an 
epidemic  disease,  such  as  plague,  is  present  among  the 
rodents,  If  disease  is  suspected,  do  not  handle  the  dead 
rodents  with  your  bare  hands,  If  possible,  place  them  in 
cloth  or  paper  bags  to  prevent  the  escape  of  fleas  and 
other  ectoparasites.  Hold  them  for  examination  by 
specialists  10  determine  the  cause  of  death. 

Sound,  "The  various  noises  made  by  rats  and  mice 
may  give  clues  as  to  their  presence  and  location,  These 
noises  are  rarely  heard  unless  the  area  is  otherwise 
quiet.  Upon  entering  an  infested  building,  stand  still  to 
allow  the  sound  of  your  own  entry  to  subside  so  that  rat 
and  mouse  activity  may  be  resumed.  You  may  hear  the 
sounds  of  running,  gnawing,  and  scratching,  especially 
from  double  walls  and  floors.  Various  squeaks  and 
ehurring  noises  are  also  produced.  Thesqueakingmay 
accompany  fighting  and  may  occur  intermittently  for 
scleral  minutes.  Also,  youngsters  in  the  nest  make 
Taint  squeaking  noise% 

Drnpprngs,  Presence  of  rat  and  mouse  feces  is  one  of 
the  best  indications  of  an  infestation,  All  three  animals 
common**  produce  quantities  of  droppings.  These 
droppings  may  be  a  key  10  the  species  present  and  its 
relative  abundance. 

It  is  important  to  be  able  to  determine  the  age  of  rat 
and  mouse  droppings.  This  information  is  necessary  in 
deeding  whether  an  area  is  currently  infested-  Fresh 
droppings  are  soft  enough  to  be  pressed  out  of  shape 
and  often  have  a  glistening,  moist  appearance.  The 
color  vanes  according  .jo  the  kind  of  food  eaten,  but 
usually  it  is  black  or  nearly  black.  Within  a  few  days, 
depending  on  climatic  conditions,  droppings  become 
dry  and  haid.  Li..er  the  surface  becomes  duiJ.  and 
uith  great  age  ihey  assume  a  grayish  dusty  appearance 
and  may  cTftmhte  e-  .siJy  when  pressed  with  a  stick.  The 
appearance  of  the  surface  alone,  however,  may  be 
misleading,  Droppings  may  be  black  and  shiny  and 
still  be  hard  and  crumbly.  Old  droppings  dampened  by 
rajn  or  orher  moisture  may  appear  fresh,  but  when 
crushed  they  do  noi  have  the  puity-like  consistency  of 
frcsri  droppings.  . 

The  quantity  and  sues  of  fresh  droppings  found  in 
an  area  may  give  an  indication  of  the  number  of 
fanimaK  present.  Fresh  droppings  mean  that  at  least 
one  rat. or  mouse  is  present,  Since  only  rarelyare 
Norway  and  roof  rats  found  occupying  the  same  area, 
presence  ol  several  sizes  of  fresh  droppings' means  that 
several  ages  of  rats  are  preserjr^and  that  reproduction 
probably  js  occurring.  Thii  often  is  the  case  in 
extensive  infestations.  Droppings  are  most  numerous 
along  runways,  near  harborage,  in  secluded  corners. 


and  near  food  supplies.  In  contrast,  the  burrows,  and 
nests,  especially,  are  usually  very  clean  and  have  no 
droppings.  Rats  and  mice  have  actually  been  observed 
carrying  feces  from  nests  and  burrows. 

The  number  of  rodent  droppings  found  in  any  area 
depends  not  only  on  the  amount  of  rodent  activity  but 
also  on  how  often  floors  are  swept  and  how  rapidly 
stored  goods  are  moved,  The  absence  of  droppings 
may  not  always  mean  that  no  rodents  are  present^  for 
droppings  are  present  irregularly  in  infestation. 
Sometimes  they  are  abundant,  sometimes  scarce.  On 
the  other  hand,  and  presence  of  old  droppings,  even  in 
quantity,  does  not  mean  that  the  area  is  currently 
infested. 

Runways  and  rub  marks^  Since  rats  and  mice 
generally  occupy  only  a  limited  area,  they  may  use  the 
same  pathway  many  times.  Out  of  doors  or  on  earthen 
floors  these  runways  may  appear  as  clean-swept,  well- 
packed  earth  paths  2  to  j  inches  wide.  In  dusty  areas, 
runways  may  consist  of  tracks  made  in  dust  bypassing 
rats  or  mice  (fig.  1-4),  Occasionally,  you  may  even  see 
the  wavy  line  of  a  dragged  tail.  In  many  areas  rats  and 
mice  leave  dark  smears  or  rub  marks  when  they  rub 
against  objects  as  the  result  of  natural  oils  and  din  on 
their  bodies. 

Outdoors,  runways  are  easily  seen  in  dense 
vegetation,  such  as  lawn  grass,  and  they  may  even  be 
conspicuous  on  bare  earth.  However,  the  location  of 
runways  usually  reflects  the  rodent's  generally 
secretive  habits.  Most  often*  they  are  found  along 
walls,  under  boards,  behind  stored  objects  and 
accumulated  litter,  and  in  similar  places,  it  is 
important  to  search  such  places  carefully,* 

Rat  and  mouse  runs  in  or  on  buildings  are  often 
marked  by  more  or  less  extensive  rub  marks.  You  can 
find  these  marks  around  gnawed  holes,  along  pipes  and 
beams,  on  the  edges  of  stairs,  along  walls*  or  anywhere 
else  that  the  rodent  is  likely  to  travel.  Swing  marks 
made  by  rats  passing  under  floor  joists  along  a  beam 
generally  indicate  the  presence  of  roof  rats,  Norway  rat 
runs  are  more  often  near  the  floor.  House  mouse  runs, 
on  the  other  hand*  may  be  anywhere.  They  are  the  most 
■difficult  to  locate  because  they  are  small  and  often  very 
faint,  it  is  especially  important  to  search  behind 
vertical  pipes  near  walls  for  evidence  of  rub  marks, 
Small  vertical  pipes  and  colurtifls  area  favorite  means 
by  which  rats  a^nd  mice  change  floors. 
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You  can  often  tell  how  old  a  rat  or  mouse  run  is.  A 
fresh  run  over  earth  will  generally  be  hard-packed  and 
free  of  dirt  and  liner.  Heavy  use  may  even  give  it  a 
shiny  appearance.  Dusty  cobwebs  across  a  ruru  of 
course,  mean  ihai  ii  is  no  longer  used.  Fresh  rub  marks 
and  smears  are  soft  when  scratched.  Old  marks  are 
brittle  and  may  flake  off. 

By  tracing  rat  and  mouse  runs,  you  can  find  the 
harborage,  the  food  and  water  supply,  and  the  means 
of  entry  into  buildings  may,  This  information  will  help 
you  ia|ce  the  right  control  measures. 

Tracks.  You  rnayfind  tracks  anywherealong  rat  and 
mouse  runs,  both  outdoors  and  inside.  You  can  see 
tracks  more  clearly  with  side  illumination  from  a 
flashlight  than  with  direct  light  from  above  (fig.  M). 
Especially  good  places  to  find  tracks  are  in  dust  in 
little-used  rooms  and  in  mud  around  outdoor  puddles. 
Rat  tracks  are  fairly  large.  A  hind  foot  of  a  walking 
Norway  rat  may  leaves  print  1 1*4  inches  long.  Roof  rat 
prints  are  about  the  same  size.  Mouse  footprints  are 
conspicuously  smaller,  rarely  being  even  1/2  an  inch 
long*  and  are  much  closer  together. 

Tracks  found  outdoors  generally  are  fresh  because 
wind  and  rain  would  quickly  erase  them.  The  age  of 
tracks  indoors  is  more  difficult  to  estimate;  they  may 
appear  fresh  Long  after  having  been  made.  If  the  dust  is 
thin  enough,  you  can  determine  their  age  by  pressing  a 
finger  lightly  into  the  dust  near  the  track  and  observing 
the  color,  Fresh  tracks  should  show  about  the  same 
color  as  the  finger  mark,  while  old  tracks  will  be 
different  in  color  and  have  less  sharply  defined  edges. 
Knowing  the  speed  with  which  dust  falls  may  be 
helpful  In  a  dusty  flour  mill  where  there  is  a  heavy 
deposit  every  day.  visible  tracks  are  probably  quite 
fresh.  In  the  still  air  in  the  unexcavated  area  beneath  a 
building,  tracks  last  a  long  timer 

A  very  helpful  procedure  is  the  use  of  a  fine  dust  for 
tracking,  You  can  dust  any  fine  powder;  such  as 
pyvophvlliie  or  flour,  on  a  susepcted  runway  and 
inspect  it  later  for  footprint.  Spread  the  powder 
smoothly  to  a  depth  of  no  more  than  1 1 8  inch. 

Gnawing.  Recent  gnawings  through  wood  can  be 
distinguished  by  the  fresh,  light-colored  appearance  of 
the  gnawed  surface  and  the  presence  of  small,  chewed 
pieces  or  cuttings  in  the  vicinity.  The  edges  of  the 
gnawed  area  become  darkened  in  a  few  days,  and  small 
cuttings  are  soon  scattered  or  swept  away.  Another 
way  to  determine  rhe  age  of  gnawed  openings  is  (o 
notice  the  sharpness  of  the  bitten  edges.  A  freshly 
gnawed  opening  has  sharp  edges  which  scratch  the 
animals  asthevnass  through.  They  will  stop  and  nibble 
at  the  offending  edge  so  that  as  the  openings  become 
older,  they  acquire  well-rounded  edges.  Evidence  of 
recent  gnawing  is  one  of  the  most  reliable  signs  for 
determining  the  presence  of  rats  and  mice.  \ 

The  extent  of  damage  to  materials  may!  be  an 
indication  of  the  degree  of  infestation.  You  must  be 
careful  to  determine  whether  the  gnawing  was  done  hy 
Line  or  more  species.  A  mixed  infestation  of  rats  and 
mice  may  he  present,  and  damage  done  by  mice  may  be 
ascribed  to  the  rats*  When  recently  delivered  materials 


are  damaged*  you  can  assume  that  the  infestation  is  a 
current  one.Jn  this  case*  the  extent  of  damage  may  be  a 
very  reliable  index  to  the  number  of  animals  present. 

Exercises  (C06>: 

In  the  following  list,  mark  each  statement  "C  for 
correct  and  "I"  for  incorrect.  Amend  the  incorrect 
statements. 

 I.  The  most  positive  proof  of  infestation,  of 

course,  is  to  see  a  live  rat  or  mouse. 


—  2.  If  many  recently  dead  animals  are  found*  you 
should  ask  about  the  use  of  poisons  in  the  area. 


 3.  The  various  noises  made  by  rats  and  mice  may 

give  clues  as  to  their  presence  and  locations. 


 4.  The  droppings  are  not  usually  a  key  to  the 

species  present  and  its  relative  abundance. 


 5.  The  quantity  and  size  of  fresh  droppings  found 

in  an  area  may  give  an  indication  of  the  number 
of  animals  present. 


 6.  Out  of  doors  or  on  earthen  floors  these  runways 

may  appear  as  clean-swept,  well-packed  earth 
paths  two  to  three  inches  wide. 


 7.  The  hind  feet  of  a  walking  Norway  rat  may 

leave  a  print  I VI  inches  long. 


 8,  A  way  to  determine  the  age  of  gnawed  openings 

is  to  check  the  sharpness  of  the  bitten  edges. 


C07.  Complete  given  statements  pertaining  to 
sanitation  control  of  murine  rodents, 

Sanitation  for  the  Control  of  Murine  Rodents*  The 

primary  factors  influencing  the  degree  of  infestation 
art  the  amounts  of  food  and  harborag;  available.  Few 
rats  are  foUnd  in  buildings  where  food  is  not  handled. 
The  cleanliness  of  an  establishment  is  a  most  important 
facior  affecting  the  number  of  rats  present.  When 
waste  food  is  piled  on  the  floor,  in  open  cans,  or  in 
other  unprotected  sites.  Utile  else  is  needed  to  support 
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rats.  Rat  infestations  can  usually  be  traced  to 
unsanitary  conditions,  consisting  chiefly  of  infrequent 
refuse  collection  and  inadequate  disposal  practices. 
GeneraJ  sanitation  as  a  rodent  control  measure 
includes  primarily  a  planned  and  continued  program 
of  collection  and  disposal  of  debris,  rubbish,  and 
garbage,  and  the  proper  stacking  of  food  supplies. 
Such  practices  reduce  available  food  and  harborage 
for  rats. 

Sanitation  for  the  control  of  rats  and  mice  also 
involves  storage  of  all  garbage  and  rubbish  in 
rodentproof  containers  and  the  proper  storage  of 
usable  materials.  You  should  eliminate  structural 
harborage,  such  as  small,  protected  iiicJosures  under 
cabinet  shelves  and  statrs^  Ef  you  remove  harborage 
and  food  sources,  rat  and  mouse  populations  will  be 
permanently  reduced. 

Make  *>ure  refuse  storage  facilities  include  enough 
cans  of  approved  capacity  to  hold  all  garbage  and 
rubbish  rhat  normally  accumulate  between  collection 
days. 

Proper  storage  of  usable  materials  reduces  available 
food  for  rodents.  Mike  sure  all  foodstuffs  are  stacked 
\2  to  18  inches  off  the  door,  as  shown  in  figure  1-5. 

Frequent  sweeping  of  floors  removes  rodent  food 
and  permits  ready  detection  of  fresh  signs.  A  white 
hand  6  inches  wide  painted  along  the  floor  next  to  walls 
in  foodhandling  locations  can  helpyou  see  droppings, 
tracks,  and  other  signs  that  indicate  the  presence  of 
rodents. 

You  should  perform  regularly  scheduled  inspections 
lo  detect  any  new  evidence  of  rodent  infestation. 
Effecnve  and  permanent  control  of  rats  and  mice  ean 
be  attained  only  through  a  continuous  sanitation 
program. 

Exercises  iCQl): 

1.  ' The  cleanliness  oi"  an  establishment  is  a  most 

important  factor  affecting  the  of  

which  may  be  present. 

2.  R;ii    infestation*    can    usually    be    traced  to 
  conditions,  consisting  chiefly  of  Ln- 


Make  sure  refuse  storage  facilities  include  enough 
 of  capacity  to  hold  all  


and 


that  normally  accumulate  between 


frequent 


.  practices. 


collection   and  inadequate 
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collect  ion  days. 

4,  Make  sure  all  foodstuffs  are  stacked   to' 

 inches  off  the  floor. 

5,  You  should  perform  regularly  scheduled  to 

detect  any  new  evidence  of  infestation 

COS.  Complete  given  statements  pertaining  to 
controls  other  than  sanitation  for  murine  rodents. 

Construction  and  Maintenance  Control, 
Rode  nip  roofing  (fig.  1-6)  existing  buildings  to  prevent 
and  control  rats  is  sometimes  oeceSsary.  Sheet  metal  of 
26-gage  or  heavier.  J  4-inch  mesh  hardware  cloth,  and 
neat  cement  are  suitable  materials  for  use  in 
ratproofing.  Openings  more  thao  I  4-inch  wide  in  the 
interior  of  warehouses  should  be  closed.  Other 
openings,  such  as  cracks  around  doorways,  gratings, 
and  windows  less  than  four  feet  above  the  ground 
through  which  rats  may  enter  directly  or  by  enlarging 
the  opening  should  be  covered  with  1  4-inch  mesh 
hardware  cloth  or  other  suitable  ratproofing  material. 
Openings  around  boxed-in  piping  and  wire  conduits 
should  be  closed.  Conduits  for  wiring  should  be  closed 
and  limited,  if  possible,  to  sizes  that  will  prevent 
passage  of  rats  and  mice.  Fire  stops  in  double  walls  and 
floors  of  wood  construction  should  exclude  potential 
rat  runways  along  beams.  Spaces  between  walls  should 
be  blocked.  Doors  should  be  self-closing  and  should  fit 
tightly.  Wood  sills  and  doors  at  ground  level  may  be 
sheathed  in  sheet  metal  to  prevent  gnawing. 

ftats  can  be  kept  out  of  buildings  through  tunneling 
by  extending  a  wall  downward  24  inches  below  the 
ground  surface,  with  a  horizontal  lip  projecting  32 
tnehes  out  from  rhe  base.  When  the  rats  nit  this  block, 
thev  almost  always  stop  digging.  This  curtain  wall  has 
ii  twofold  purpose:  it  precludes  the  possibility  of  rat 
infestations  that  result  io  the  spread  of  disease  and  the 
loss  of  foodstuffs;  it  prevents  the  burrowing  which 
results  in  undermining  of  walls  and  their  possible 
subsequent  collapse 

Mechanical  Control,  Traps  are  useful  when  poisons 
fail  or  are  loo  risky.  Box-type  and  cage-type  traps 
nitch  rodents  alive  for  breeding  and  for  ectoparasite 
removal  in  disease  ^jdies.  The  snap  trap  is  one  of  the 
most  effective  methods  for  killing  rats  and  mice, 
particularly  mrx  You  must  fasten  the  bait  securely  to 
the  trigger.  Kor  rat  control,  you  can  expand  the  trigger 
with  cardr-     d  or  set  en  wire  and  wse  it  unbailed. 

The  nucnbei  steel  trap  usually  catches  rates  alive, 
Ttm  trap  is  preferred  when  the  rat  is  to  be  examined  for 
ectoparasites  or  when  blood  samples  are  to  be  taken. 
Steel  traps  are  generally  used  unbailed.  The  trap 
should  be  sei  with  the  jaws  open  across  the  runway  and 
securely  fastened  with  a  chaLn. 

Cage  or  box  traps  are  usually  less  convenient  and  are 
not  as  ehieieni  as  >tcel  traps,  hut  they  catch  rodents 
uninjured.  Placing  cage  traps  in  dark  places  or 
covering  them  with  burlap  ba^s  increases  catches. 
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Chemical  Controls*  Poisoning  programs  arc 
effectively  used  before  sanitation  or  cleanup  programs 
are  begun,  in  order  to  prevent  a  mass  movement  and 
spread  of  rodents.  Rodent  killing  without  good 
sanitation  is  ineffective  because  these  rodents  rapidly 
regain  the  original  population  level  through  their  high 
birth  and  survivaJ-of-young  rat. 

Baiting.  A  poisoned  bait  contains  a  poisoning  agent 
or  rodenticide*  a  food,  and  sometimes  an  emetic.  The 
following  bait  materials  are  suggested:  fresh  meats, 
bacon*  fresh  or  canned  fish,  yellow  cornmeal,  corn, 
hulled  oats,  rolled  oats,  cracked  wheat,  bread,  cake, 
chicken  scratch  feed  or  mash,  seeds,  apple,  banana, 
peach,  pear,  pineapple,  melon,  tomato*  sweet  or  Irish 
potato*  peanut  butter  nut  meats,  prepared  dog  food, 
candy,  cheese,  coconut,  and  butter. 

Norway  racs  are  inclined  lo  favor  meat  and  fish. 
Kuof  rats  prefer  fruits  and  vegetables.  Both  readily 
accept  sweets,  grains,  and  nut  meats.  Mice  seem  to 
prefer  bacon*  sweets,  grains  or  seeds,  peanut  butter, 
cheese,  apples,  or  sweet  potatoes. 

Fresh  baits  are  the  most  acceptable  to  rats  and  mice. 
Mi\ only  enough  bait  for  immediate  needs,  A  binder  of 
vegetable,  mineral,  or  fish  oil  is  often  added  to  cerealVsr 
dry  baits  to  hold  poison  and  dry  bait  together,  to  aid  in 
mixing,  and  to  increase  the  absorption  rate  of  poison 
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into  the  rat's  body  {Storer,  1952).  Do  not  use  water  or 
milk  as  a  binder  as  it  wilt  cause  baits  to  sour,  mold,  or 
spoil  quickly.  You  can  use  glycerine  in  place  of  oil  or 
water  as  a  binder.  To  keep  baits  from  freezing*  add 
about  25  percent  glycerine  by  weight  or  volume  to 
protect  the  baits  to  about  20*  K  You  can  retard 
rancidity  by  adding  0.025  percent  Dupont  DDPD,  an 
antioxidant  now  'widely  used  in  livestock  feed. 
Oatmeal  contains  a  natural  antioxidant,  A  mold 
inhibitor  such  as  0.1  percent  of  2,  4,  5- 
trichlorophenyiacetate  may  prevent  mold  formations 
in  baits  placed  in  humid  locations,  but  will  reduce 
payability  of  bait  slightly.  Sodium  sulfite  ( I  percent) 
is  a  preservative  sometimes  added  to  perishable  baits. 
Bacon  fat,  gravy,  syrup,  or  molasses  are  used  as  a 
combination  lure  and  binder  Cereals  or  grains  may  be 
used  with  meats  or  fish  to  reduce  costs.  A  discoloring 
agent,  such  as  charcoal,  is  added  as  a  safety  factor. 

An  emetic,  usually  tartar  emetic  (antimony 
potassium  tartrate),  is  mixed  with  arsenic  trioxjde, 
zince  phosphide,  thallium  sulfate,  and  ANTU  baits  to 
protect  other  animals  even  though  the  acceptability  of 
such  baits  is  thereby  reduced*  Rats  are  among  the  few 
animals  that  are  unable  to  vomit. 

Baits  may  be  used  in  solid  form  as  cubes  or  slices 
coated   with   the   more  toxic  poisons  like  zinc 
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phosphide,  or  ground  and  thoroughly  mixed  with  the 
poison.  Ground  baits  may  be  distributed  in  about  I  2- 
inch  diameter  balls*  loose  or  wrapped  in  4-inch  squares 
of  waxed  paper  ("torpedoes*'). 

Baits  should  be  used  liberally  where  you  find  many 
recently  left  signs  of  rats  A  major  fault  in  unsuccessful 
poisoning  programs  is  the  use  of  too  few  baits.  Good 
places  to  set  baits  are  in  or  near  rodent  burrows,  runs, 
and  harborage.  Collect  single-dose  poioon  baits  that 
are  uneaten  after  two  days.  Burn  or  bury  rodent 
carcasses. 

Water  requirements  of  rats  and  mice  can  oe  the  basis 
for  successful  poisoning  of  these  animals*  Poisoned 
water  bait  consists  of  water  and  a  rodenlicide.  If 
normal  sources  of  drinking  water  can  be  eliminated  or 
reduced,  chances  for  success  with  this  method  arc 
enhanced.  F_ven  though  mice  may  depend  on  the  water 
oh  tamed  from  food  as  their  major  source  of  water,  they 
will  usually  driflk  water.  Jf  their  normal  supply  of  food 
has  a  low  moisture  content,  their  need  for  drinking 
water  wilhbe  greater 

Anticoagulants  require  a  different  method  of  use. 
than  other  rodentiades  Bait  mixtures  are  frequently 
placed  in  paper  pie  plates  or  permanent  bait  stations, 
as  shown  in  figure  1-7.  The  number  of  pie  plates  or  bait 
clarions  vary  with  the  degree  of  Lnfesiai-on,  Small  pie 
platen  hold  I  4  to  I  2  pound,  whereas  permanent  bait 
nations  often  hold  over  a  pound  of  bait  mixture. 
Anticoagulant  bait  mixtures  are  usually  exposed  for  a 
minimum  of  2  weeks.  Repeated  doses  must  be 
consumed  by  the  rodent  for  a  period  ot  5  or  more 
consecutive  days  in  order  to  kill,  Therefore,  you  must 
protect  of  her  animaJs  and  shield  baits  from  the  weather 
with  bait  boxes,  boards*  pipes,  or  cans.  Note  locations 
of  all  bail  containers  so  that  inspections  can  be  made 
nipidly  and  consumed  bait  replaced.  At  each 
inspection  smooth  tTft  bait  so  t  hat  you  can  see  any  new 
signs  of  feeding.  Replace  moldy.  weL.  caked,  or  insect- 
tnfestcd  baits  with  fresh  Ones.  It  successive  inspections 
show  i hat  hair  is*  undisturbed,  move  ir  to  an  arc;J 
thnAing  trc\fo  rodent  signs. 


Use  shallow  bait  containers.  Fasten  them  to  the  floor 
surfaces  or  be  Sure  that  they  are  heavy  enough  to 
prevent  rodents  from  dragging  them  to  their  burrows. 
A  roofing  tack  driven  through  containers  in  to  the  floor 
reduces  spillage  and  movement- 
Be  sure  to  mix  baits  as  directed-  Too  much  poison 
may  give  bait  a  strong  taste  or  odor.  Too  little  will  not 
kill  and  may  result  in  "bait  shyness."  Excessive 
amounts  of  poison  increase  the  danger  to  man  and 
domestic  animals.  Poor  mixing  results  in  nonuniform 
baits*  poor  kills,  and  a  speedier  development  of  bait 
shyness.  Mechanical  bait  mixing  equipment  is 
necessary  where  Large  quantities  of  bait  are  mixed  on  a 
routine  basis. 

CAUTION:  You  must  clearly  label  poisons  and 
mixing  equipment.  Do  not  use  mixing  equipment  for 
other  purposes.  Lock  up  poisons  and  mixing 
equipment  when  not  in  use.  Treat  all  poisons  with 
respecf.  Avoid  inhaling  powders  or  getting  poisons  on 
hands,  clothes,  or  utensils  from  which  they  may  reach 
the  mouth.  Always  mix  poisons  in  a  well-ventilated 
place,  particularly  when  you  are  mixing  dry 
ingredients. 

Burrow  gassing.  Burrow  gassing  (cyanide  dusting)  is 
used  as  a  supplementary  measure  for  killing  rodents 
but  .should  not  be  attempted  by  untrained  operators. 
Several  materials  are  available  for  this  purpose,  one 
being  calcium  cyanide.  Cyanide  dust  is  very  effective 
when  it  can  be  blown  into  a  burrow  system*  Calcium 
cyanide  dust  is  not  as  effective  when  the  ground  is 
extremely  dry:  some  soil  or  air  moisture  is  needed  to 
convert  dust  to  gas. 

CAUTION:  Cyanide  fumes  are  highly  toxic  and 
rapidly  fatal.  You  must  avoid  inhaling  dust  or  fumes. 
Cyanide  gas  is  lighter  than  air:  therefore,  DO  NOT  gas 
burrows  leading  under  occupied  buildings.  Indoor 
fumigation  require*  thoroughly  trained  professionals, 
Exercises  <C08): 

1.  Sheet  metal  of    -gage  or 

heavier.  mesh  hardware  cloth, 

and    cement   are  suitable 

materials  for  use  in  ratproofing. 

2,  Rats  can  be  prevented  entry  to  buildings  through 

tunneling  by  extending  a  wall  inches  below 

the  surface, 

}  The    trap  is  one  of  the  most 

e1feai\e   methods   for  killing  rats  and  micu. 


particularly  _ 
Roof  rat* 


prefer 
^  as  food. 


ind 


 incorporated  into  bait  increase 

ihe  absorption  of  poison  into  ihe  rats  body. 
Water  requirements  of  rau  and  mice  ean  be  ihe 

basis    tor    successful    of  these 

animals, 

Poisoned  water  bait  consists  of  and 


Too  much  poison  may  gi\c  b:iu  a 
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9.  Excessive  amounts  of  poison  increase  the  danger 
to  and  

10.  Burrow  gassing  is  used  as  a 


measure  for  killing  rodents  but  should  not  be 

attempted  by  operators. 

1 1    Because  cyanide  gas  is  lighter  than  air.  you  must 
not     gas     burrows     that     lead  under 


1-2.  Field  Rodent* 


While  domestic  rodents  pose  a  continuing  problem 
in  many  areas,  numerous  other  rodents  also  require 
control.  The  many  types  of  Held  rodents  (also  called 
feral  rodents)  are  "native**  species  in  the  areas  where 
they  are  found,  and  they  do  not  follow  people  from 
place  to  place.  Though  some  common  names,  such  as 
"field  mice."  are  widely  used,  the  species  differ  from 
place  to  place.  In  addition  to  rats  and  mice,  you  may 
also  have  to  control  several  types  of  feral  squirrels. 

C09.  Identify  as  true  and  false  given  statements 
pertaining  to  the  Important*  of  native  mice  and  rats. 

Importance    of   Native    Mice    and   Rats.  The 

importance  of  the  various  native  rats  and  mice  of  the 
family  Cricetidae  (or  Mundae)  depends  on  their 
species,  their  numbers,  and  the  type  and  location  of  the 
military  installation. 

They  may  all  serve  as  reservoirs  of  disease.  While 
many  members  of  this  family  are  primarily  nocturnal, 
some  are  sufficiently  active  in  daylight  hours  to  be 
attacked  by  biting  flies.  A  single  Neotoma live- trapped 
in  Texas  was  a  host  for  fleas,  ticks,  and  three  warble-fly 
larvae.  In  addition,  this  animal  had  plague.  Wood  rat 
nests  in  the  Southwest  are  often  infested  with  various 
species  of  Triaioma.  which  transmit  the  trypanosome 
of  Chagas"  disease. 

The  overall  importance  of  these  rodents  at  military 
installations  is  primarily  economic.  Native  rats  and 
mice  can  damage  communication  lines.  This  is 
particularly  true  of  field  telephone  cable  which,  on  the 
ground,  obstructs  rodent  runways.  The  rats  and  mice 
remove  the  insulation  and  often  sever  the  cables. 
Rodents  can  find  access  to  parked  aircraft  within 
which  they  destroy  control  and  communication  cables. 
Repellent-treated  communication  cables  are  now 
available. 

Rice  rats,  and  to  a  great  extent  the  cotton  rats, 
damage  waterways  and  impoundments  by  burrowing. 
Deer  mice,  or  white-footed  mice,  are  normally 
destructive  only  at  [he  Larger  military  installations  with 
many  acres  of  undeveloped  Lands.  When  white-footed 
mice  are  very  numerous,  they  can  become  pests:  in 
Lo^ed-ovcr  forest  areas  where  they  destroy  the  seeds 
that  remain  in  the  ground  or  that  fall  from  the  seed 
trees  left  for  the  purpose  of  reforestation,  in  new  area* 
to  he  seeded  to  forest  trees,  in  grainfields.  particularly 
th'ise  containing  shocks  of  corn  and  wheat,  and  in  fced 
jnd  food  storage  places  in  farm  buildings  and  hoase? 
They  also  cat  the  buds  and  bark  of  young  trees,  but.  in 


this  respect,  they  are  not  nearly  so  destructive  as 
meadow  mice. 

The  injuries  inflicted  by  meadow  mice  and  pine  mice 
vary  greatly  from  year  to  year,  depending  on  the  Jx" 
abundance  of  the  rodents,  the  nature  and  extent  of  n 
their  food  supply,  and  weather  conditions.  The  J 
fluctuation  in  the  numbers  of  the  mice  is  continual.  Q 
irregular,  and  abrupt,  owing  to  the  varying  birth  rate.  7 
disease,  availability  of  food,  and  tie  extent  to  which 
tJSe  rodents  are  preyed  upon  by  their  enemies  among 
wild  birds,  mammals*  and  snakes.  Thus,  the  mere 
presence  of  these  mice  is  a  menace  requiring  c ominous 
close  .observation. 

Even  relatively  little  gnawing  may  greatly  damage 
trees  if  it  occurs  at  vital  points.  As  a  rule,  the  greatest 
injury  to  trees  is  inflicted  during  winter  under  cover  of 
snow.  Damage  is  usually  more  severe,  therefore, 
during  a  hard  winter  with  deep  snow  than  during  a 
mild  one.  The  rule  is  not  invariable,  however,  as  severe 
injury  has  been  recorded  at  all  seasons  ar|d  under  a 
great  variety  of  conditions. 

The  kinds  of  crops  injured  by  field  mice  arc 
practically  without  limit,  but  orchard  trees,  nursery 
stock,  small  fruits,  and  shrubbery  probably  suffer  the 
most  damage.  Root  crops,  tubers,  and  bulbs  are  very 
attractive  to  mice,  particularly  to  pine  mice,  and  losses 
often  approach  in  severity  those  caused  by  injury  to 
fruit  trees.  Mice  are  fond  of  clover  and  alfalfa  also,  and 
the  aggregate  annual  loss  from  inroads  on  these  crops 
is  considerable.  Cereals  are  damaged  most  heavily  in 
the  shock  but  are  subject  to  attack  at  all  times.  Because 
of  these  different  habits,  the  greater  pan  of  the  injury  ~ 
to  trees  and  other  vegetation  by  themeadow  mouse  is 
inflicted  above  the  ground;  injury  by  the  pine  mouse  is 
inflicted  below  the  surface,  where,  in  the  case  of  crops, 
it  often  remains  unsuspected  until  harvest,  or,  in 
orchards,  until  the  foliage  of  the  undernourished, 
girdled  trees  begins  to  wilt.  Meadow  mice  occasionally 
girdle  the  trunk  of  a  tree  below  the  surface  of  the 
ground,  but  they  seldom  continue  to  remove  the  bark 
from  the  roots  as  pine  mice  do. 

Deep  snow  and  lack  of  clean  cultivation  enable 
meadow  mice  to  work  above  the  ground  level  without 
fear  of  detection.  The  reason  that  it  is  important  to 
distinguish  between  the  two  mice  is  that  mechanical 
protectors  and  clean  cultivation  around  trees,  which 
are  successful  aids  in  controlling  damage  by  meadow 
mice,  have  little  effect  on  pine  mice  which  do  not  rely 
on  surface  vegetation  for  food  or  protection. 

Exercises  (C09): 

I,  Place  the  letter  T  before  the  correct  statements. 
 a.  Considerable  damage  to  communication 

lines  is  done  by  native  mice  and  rats. 
 b.  Deer  mice  or  white-footed  mice  damage 

waterways     and    impoundments  by 

burrowing. 

—  c.  Rice    and    cotton    rats    are  normally 
destructive    only    on     targe  military 
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installations    with    many    acres    of      these  two  mice  is  that  the  pine  mouse  is  a  burrowing1 


lUrintrU 


undeveloped  land. 
—  d.  Meadow  mice  usually  will  girdle  the  trunk 

of  a  tree  above  the  ground. 
 e.  Root  crops,  tubers,  and  bulbs  are  very 

attractive  to  pine  mice, 
2.  List  the  letter  of  the  false  statements  and  correct 
them. 


CIO,  Assoc  iitc  the  names  of  native  mice  and  rats  with 
their  identifying  characteristics. 

Recognition  Characters  and  Biology  of  Native  Mice 
and  Rats.  Native  mice  and  rats  belong  to  sever  a] 
families.  There  are  many  species  with  diverse  food 
habits,  While  many  are  essentially  omnivorous,  they 
have,  for  the  most  part,  adapted  to  a  vegetarian  diet,  A 
few  are  distinctly  destructive.  Most  can,  at  times,  be 
detrimental  10  human  welfare, 

Meadow  mice  and  pine  mice.  Although  these  mice 
are  closely  related,  their  habits  differ,  and,  as.  these 
habits  have  a  bearing  on  control  practices,  it  is 
important  to  be  abte  to  distinguish  the  groups. 

The  range  of  the  common  meadow  mouse  and  its 
allies  includes  almost  all  of  North  America  southward 
to  Guatemala,  as  well  as  the  northern  two-thirds  of  the 
Eurasian  Continent,  The  range  of  the  pine  mouse  is 
restricted  to  the  eastern  half  of  the  United  States,  from 
the  Atlantic  coast  to  eastern  Kansas  and  Nebraska* 
and  from  the  Gulf  of  Mexico  to  the  Great  takes. 

The  two  types  may  be  distinguished  readily  by  their 
appearance,  by  the  nature  of  their  burrows,  and  by  the 
kind  of  injury  they  do,  The  mice  of  both  of  these 
groups,  often  called  voles,  are  blocky  little  animals 
with  relatively  coarse  fur,  usuallv  dark  brown  in  color* 
and  with  small%  beady,  black  eyes  and  almost- 
concealed  ears.  The  pine  mouse  is  somewhat  the 
smaller  of  the  two.  Its  reddish-brown  fur  is  less  shaggy 
and  more  velvety.  Its  tail  is  short,  being  about  the  same 
length  as  the  hind  foot.  The  tail  of  the  meadow  mouse, 
on  the  other  hand,  usually  is  nearly  twice  as  Long  as  the 
hind  foot.  The  average  weight  of  meadow  mice  is  35 
grams  i^A  ounces)  and  that  of  pine  mice  25  grams 
(approximately  1  ounce).  The  females  of  each  species 
wejgh  slightly  Jess  than  the  males. 

Meadow  mice  are  very  prolific  and  under  favorable 
conditions  produce  up  to  13  litters  of  young  a  year.  The 
number  of  young  in  '  litter  varies  from  I  to  1 1.  the 
average  being  five.  The  size  of  the  litter  fluctuates  with 
the  population  level  of  the  mice,  large  litters 
predominating  when  mice  are  becoming  abundant. 
Pine  mice  arc  less  prolific:  although  they  also  may 
produce  several  litters  a  year,  these  number  only  one  to 
five  young  each. 

Both  meadow  mice  and  pine  mice  are  active 
throughout  the  year,  although  the  former  are  most 
restricted  in  movements  during  the  winter,  and  the 
Jalter  are  probably  less  in  evidence  during  dry,  hot 
weaiher.  The  outstanding  difference  in  the  habits  of 


animal,  living  and  feeding  very  largely  Underground, 
whereas  the  meadow  mouse*  although  constructing 
shallow  tunnels  and  nesting  chambers  underground, 
feeds  mostly  on  the  surface.  Both  of  these  voles  are 
primarily  vegetarian,  though  pine  mice  will  feed  on 
insects  when  insects  are  abundant. 

White-footed  mice.  The  white-footed  mice*  also 
known  as  deer  mice,  are  widely  distributed  throughout 
North  and  Central  America,  They  are  found  from  sea 
level  to  the  vegetation  line  of  the  highest  peaks  and 
from  the  heavily  timbered  areas  to  the  desert. 

There  are  many  species  and  subspecies,  but  all  have 
the  characteristic  white  underparts  and  white  feet.  The 
color  of  the  sides  and  upper  parts  varies  from  dark  gray 
(nearly  black)  in  forms  inhabiting  regions  of  heavy 
rain  full  to  light  yellowish-brown  in  those  living  in 
desert  regions.  The  species  also  vary  in  size*  the 
combined  head  and  body  length  running  from  80  to 
170  mm  and  tail  length  from  40  to  205  mm.  The  weight 
of  adults  ranges  from  15  to  50  grams  ( \/2  to  2  ounces), 
AU  have  large  cars,  prominent  eyes*  and  tails  at  least 
one-third  the  total  length  of  the  animal* 

White-footed  mice  are  almost  completely  nocturnal. 
They  do  not  make  runways  of  their  own  as  the  meadow 
mice  do.  They  use  such  trails  as  the  runways  of 
meadow  mice  and  the  tunnels  of  moles  and  pocket 
gophers. 

They  are  found  in  practically  all  types  of  habitats— 
in  woodlands  and  swamps*  along  water-courses,  in  the 
wide,  open  spaces  of  the  upland  prairies*  about  rocks 
and  cliffs^  and  in  deserts.  Those  inhabitingthe  prairies, 
open  cultivated  areas,  and  fence  rows  usually  make 
their  nests  in  short,  simple  burrows.  Those  in 
woodlands  live  largely  on  the  surface  of  the  ground, 
building  their  nests  and  living  quarters  among  the 
roots  of  shrubs  and  trees,  in  decayed  stumps  and 
hollow  trees,  and  under  logs.  They  may  even  make  use 
of  deserted  nesting  cavities  of  birds  or  abandoned 
birds4  nests  in  bushes,  A  few  live  and  travel  about  in 
trees.  They  may  also  establish  temporary  quarters  in 
cultivated  fields  and  make  permanent  homes  in  barns 
and  houses  where  the  house  mouse  is  not  abundant, 

These  mice  do  not  hibernate.  Their  little  tracks  may 
b*  seen  in  the  snow  the  day  following  the  coldest  night, 
showing  that  they  had  been  out  seeking  food, 

White-footed  mice  are  very  prolific.  They  breed 
throughout  the  year  in  the  temperate  regions  and 
produce  one  to  nine  young  at  a  litter.  Although  they 
occur  throughout  the  United  States  in  great  numbers 
they  concentrate  in  excessive  abundance  only  in 
certain  areas  where  they  become  of  economic 
importance.  They  are  extremely  numerous  in  the 
Western  States. 

As  might  be  expected  from  their  wide  distribution, 
white-footed  mice  consume  a  great  variety  of  foods, 
but  they  apparently  prefer  seeds,  nuts,  and  grains.  The 
seeds  include  those  of  grasses,  weeds,  shrubs,  and  trees. 
They  often  store  them  in  burrows  and  in  the  cavities  of 
old  vtumps.  They  will  devour  the  bodies  of  mice  that 
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have  been  caught  in  traps  and  will  kill  and  eat  pocket 
mice.  They  also  eat  insects,  their  eggs,  and  their  larvae. 

Wood  rats.  Various  species  of  these  large  rats  are 
widely  distributed  throughout  North  and  Central 
America.  They  have  long,  hairy  tails,  which  are  bushy 
in  some  species.  The  ears  are  large  and  membranous. 
The  skull  is  long,  angular,  and  heavy.  These  rats  are 
chiefly  vegetarians.  They  eat  flowers*  fruit,  seeds* 
s'lems.  and  baric.  They  ofterrcarry  their  food  to  their 
dens  where  the  discarded  portions  of  plant  material 
may  be  added  to  the  mounds  of  sticks  and  twigs. 
Cactus  and  other  fleshy  plants  serve  as  moisture 
sources  in  arid  areas  where  water  is  not  available. 

Rice  rats  and  cotton  rats.  These  rats  are  distributed 
widely  in  Nonht  Centra),  and  South  America.  The  rice 
rat  eats  a  variety  of  seedst  sedges,  fruit,  and  berries.  It 
lakes  the  large  seeds  of  grama  grass,  wild  rye,  and 
marsh  grass  and  is  sometimes  a  pest  in  rice-fields. 
When  these  foods  are  in  short  supply,  the  rice  rat  goes 
10  the  shore  where  it  feeds  on  small  Crustacea  and 
mullusks  exposed  at  low  tide.  It  also  feeds  on  insects. 
The  larger  cotton  rat  has  similar  food  habits  and  is  a 
pest  of  sugar  cane  and  sweet  potatoes.  In  addition,  it 
has  proved  a  menace  to  ground-nesting  birds  as  it  will 
eat  both  eggs  and  young. 

Exercises  (CIO): 

L  Match  column  A  with  column  B. 

Coiunm  A  Column  & 

 1    l.tinp.  hairy  tails  which  ^   Meadotv  mice. 

jrc    bushy     m    some  Pine  mite. 

M^cics,  Ears  arc  large  c   Whut-fooied  miCe. 

and  membranoUY  d.  Wood  rais. 
 1  Pests  <>f  sugar  caw  and  c   Rice  rais 

sweet  potato  f.   Chiton  ruts. 

„_  1    Hdve  shori   laiLs,  ap- 
proximately  ihe  *ame 

kngth  as  the  hind  loot. 
 4   Have  tails  approsimaie- 

lv  twice  the  ieiiph  of  the 

bind  Itmi 
 ^    ]  jfces   large   seeds  *>t 

ffamn  gras*.  i*i]<i  rye. 

and  marsh  grass,  and  is 

sometimes  J  p*st  in  net 

fields. 

_  -  h    t  he^e  dti  nnt  dthnrrnjte 

\:  Complete  given  statements  concerning  the 
inspection  and  control  of  feral  rodents.  j 

Inspection  and  Control  or  Feral  Rodents. 
Inspection  for  the  native  mice  and  rats  involves  a 
determination  of  the  cause  of  damage  and  a  search  for 
runways  and  tracks  Native  mice  and  rats  can  be 
controlled  at  military  installations  by  trapping  or 
poisoning. 

Trapping.  This  is  the  best  way  tn  determine  species 
and  numbers.  Meadow  and  pine  mice  are  easily 
trapped  in  small  wooden-based  snap  traps.  Set  these 
traps  in  the  runways  and  at  right  angles  to  them  so  that 
a  mouse  following  its  usual  mute  will  pass  directly  over 


the  trigger.  Near  tbe  entrances  to  burrows  is  a  good 
location  for  traps.  For  best  results,  the  trap  should  be 
baited  with  oatmeal,  apples,  or  vegetables,  but  mice 
can  be  caught  in  an  unbailed  trap  if  it  is  set  properly  in 
a  runway.  For  convenience  in  finding  a  trapi  mark  the 
site  with  a  bit  or  cotton  twisted  on  a  nearby  weed  or 
twig  or  on  a  stick  stuck  into  the  ground.  Examine  the 
traps  and  reset  them  twice  daily.  For  trapping  white* 
footed  mice  about  buildings,  the  small  wooden-based 
snap  trap  is  very  satisfactory.  Bait  the  traps  with 
breakfast  rolled  oats  or  nutmeats.  Mice  can  be 
controlled  around  seedbeds  in  forestry  nurseries  by 

i  trapping  if  enough  traps  are  used  to  cover  the  area  well. 

1  Set  larger  traps  for  the  wood  rats  and  cotton  rats. 

Bailing'  The  most  effective  and  least  expensive  way 
to  control  meadow  and  pine  mice  is  to  use  poisoned 
baits.  For  large-scale  operations*  you  can  also  use 
poisoned  baits  to  reduce  the  numbers  of  white-footed 
mice.  Although  the  effectiveness  of  baits  varies  in 
different  localities,  even  under  some  unfavorable  local 
conditions,  the  proper  application  of  well-prepared 
poisoned  baits  will  destroy  a  sufficient  number  of  the 
mice  to  protect  trees  and  crops. 

In  many  cases,  nearly  all  the  meadow  mice  and  pine 
mice  may  be  killed  by  baits  poisoned  with  zinc 
phosphide  and  strychnine*  For  control  of  deer  mice, 
strychnine  alkaloid  proves  only  fairly  efficient  under 
most  conditions.  In  those  localities  in  which  the 
acceptance  of  strychnine-poisoned  bait  is  very  low,  you 
can  use  zinc  phosphide  baits  as  a  folio wu p.  Zinc 
phosphide  is  highly  toxic  to  mice,  and  is  taken  readily. 

Most  phosphide  compunds  deteriorate  rapidly  on 
exposure  to  the  air,  but  zinc  phosphide  retains  its 
toxicity  for  three  weeks  or  more  after  exposure  on  dry 
bait  material.  On  moist  bait,  it  loses  its  toxicity  more 
rapidly,  but<evensOt  its  toxic  period  is  sufficiently  long 
to  make  the  bait  effective.  Zinc  phosphide  is  insoluble 
in  water  but  slightly  soluble  in  fats  and  oils.  Hence,  oils 
may  be  used  in  the  formulas. 

To  reduce  the  concentration  of  zinc  phosphide  and 
increase  the  volume  of  the  toxic  material  (rodenticide) 
so  as  to  obtain  a  more  uniform  distribution  of  the 
poison  on  bait  mate  rials  x  blend  one  part  by  weight  of 
finely  powdered  magnesium  carbonate  thoroughly 
with  two  parts  of  zinc  phosphide.  One-half  ounce  (15 
grams)  of  the  bJ ended  material,  hereafter  referred  to  as 
zinc  phosphide  rodenticidct  as  sufficient  for  ten  quarts 
of  apple  cubes  or  three  quarts  of  steamed  rolled  oats. 
When  finely  pulverized  (micro-sized)  arsenic  trio  side 
"  is  available,  you  can  use  it  in  the  same  manner  as  zinc 
phosphide.  It  does  not  deteriorate  as  does  the  zinc 
phosphide,  nor  does  it  give  as  effective  results*  but  it 
may  be  used  as  a  substitute. 

Strychnine  alkaloid  is  an  effective  poison,  but  its 
bitterness  and  its  initial  physiological  action  in 
cramping  the  muscles  may  cause  the  mice  to  fail  to  eat 
enough  at  one  time  to  be  fatal.  In  western  states  where 
the  mice  are  accustomed  to  feeding  on  grains, 
strychnine  placed  on  oat  baits  often  produces 
satisfactory  results. 
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There  are  four  good  bait  materials  for  meadow  and 
pine  mice:  fruits*  vegetables,  grains,  and  seeds.  Of  the 
fruits,  the  apple  is  best;  of  the  vegetables,  sweet  potato 
or  carrot;  and*  of  the  grains  and  seeds,  oats. 

Deer  mice  prefer  yearned  rolled  oats  or  wheat. 
However,  breakfast  relied  oats  and  corn  meal  are 
accepted  fairly  well  and  may  be  employed  in  a  limited 
way.  Such  special  baits  as  steamed  rolled-oat  groats- 
and  hulled  sunflower  seeds  are  well-accepted  by  these 
mice.  You  can  use  them  extensively  if  the  materials  are 
available  at  a  reasonable  cost.  Bait  formulas  and 
preparation  instructions  are  given  in  Appendix  A  of 
ihe  supplement  to  Volumes  4.  5,  6\  and  7. 

Meadow  mice  are  trail  makers,  and  deer  mice  often 
follow  these  trails.  You  can  find  the  trails  in  orchards  in 
tall  grass*  under  mulch,  in  ruts,  and  alo  ng  furrows.  You 
can  usually  tell  "Whether  a  runway  is  in  use  by  its 
appearance  and  by  the  presence  of  freshly  cut,  short 
pieces  of  grass  stems  0I  of  fresh  droppings  on  the  trail 
floor. 

Place  poisoned  baits  directly  on  the  floor  of  used 
trails  and  cover  them  with  a  handful  of  grass  or  other 
litter,  Baits  not  placed  in  trails  are  usually  wasted.  In 
areas  in  which  only  pine  mice  or  pine  mice  and  moles 
but  no  meadow  mice  occur,  there  may  be  few  or  no 
trails  on  the  surface  of  the  ground.  This  is  often  (he  case 
in  sandy  loam  soil.  The  presence  of  mice  is  indicated  by 
small,  open  holes  about  1  inch  in  diameter.  You  can 
drop  poisoned  baits  into  these  holes,  Bait  the  area 
thoroughly,  taking  care  to  see  thai  both  the  surface 
trails  and  the  deeper  pine  mouse  burrows  are  treated. 
Control  depends  as  much  on  complete  coverage  of  all 
mouse-infested  sites  within  the  area  as  on  the 
effectiveness  of  the  poisoned  bait.  Place  baits  at  all 
rock  outcrops,  along  stone  wails  and  drainage  ditch 
banks,  as  well  as  a:  the  base  of  each  tree  where  yoti  find 
mouse  trails  or  holes.  You  can  protect  communication 
cables  from  rats  and  mice  by  treating  them  with 
repellent  compounds.  The  degree  of  protection 
depends  on  the  compound  used,  On  its  application,  on 
the  species  of  rodents  in  the  area,  and  on  the  length  of 
exposure. 

Exereisc*  (CI  I): 

1.  Inspection  for  the  native  mice  and  rats  involves  a 

determination  of  the  cause  of  and  a  search 

for  and  

2.  The  best  way  to  determine  species  and  numbers  is 
by  , . 

3  Native  mice  and  rats  ran  be  comrolJed  at  military 

installation  by   or  

4,  The  bait  used  to  trap  white-footed  mice  about 

buildings  h  b/eakfast  or  nutmeais. 

5  In  many  cases,  nearly  ail  the  meadow  mice  and  pine 

mice  may  be  killed  by  baits  poisoned  with  1  

phosphide  and  

6.  There  are  four  bait  materials  that  are  acceptable  to 

meadow  and  pine  mice:  ,  . 

and       -  . 
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7-  Poisoned  baits  should  be  placed  directly  on  the 
floor  of  used  trails  and  covered  with  a  handful  of 
 or  other  . 

8-  Baits  should  be  placed  at  all  rock  outcrops,  along 

stone  and  drainage  ditch  as  well  as  at 

the  base  of  each  where  mouse  trails  or  holes 

are  found. 

C12.  Identify  three  members  or  the  squirref  family. 

Feral  Rodents  in  the  Squirrel  Family.  Of  the  many 
species  in  the  squirrel  family  (Sciuridae)*  the  most 
troublesome  at  military  installations  are  the  ground 
squirrels  (Citellus).  the  prairie  dogs  (Cynomys),  and 
the  woodchuck,  groundhog,  or  marmot  (MarmotQ). 
The  burrowing  members  of  the  squirrel  family  can 
cause  serious  economic  damage  (including  erosion)  by 
their  extensive  digging.  But  the  greatest  importance  of 
these  rodents  is  that  they  serve  as  reservoirs  of  disease, 
primarily  plague  and  tularemia.  They  also  are  hosts  of 
the  ticks  that  carry  Rocky  Mountain  Spotted  Fever. 

Ground  squirrels  (CitettusJ.Thtsc  rodents  (fig.  1-8), 
erroneously  called  gophers,  are  found  in  western  North 
America  from  Alaska  to  Mexico.  They  are  also  found 
in  eastern  Europe  and  Asia  south  to  Turkestan  and 
western  Mongolia. 

Those  of  western  North  America  range  in  length 
from  23  to  48  cm  from  the  tip  of  the  nose  to  the  end  of 
the  tail.  They  are  gray  to  reddish  brown.  Most  species 
have  large  earsT  a  rather  long  and  narrow  skulL  well- 
developed  cheek  pouches,  and  long,  fully  haired  tails. 

These  feral  rodents  burrow  extensively  when 
numerous.  Temporary  burrows  are  sometimes  made  to 
extend  the  area  of  foragingT  They  feed  chiefly  upon 
green  vegetation  early  in  the  spring.  Later  they  will  feed 
on  grass  stems,  fruit,  berries,  and  many  species  of 
insects,  They  store  seeds.  In  areas  with  cold  winters, 
ground  squirrels  will  hibernate. 

Prairie  dogs  (Cynomys).  These  rodents  are  also 
found  in  the  western  United  States  and  northern 
Mexico*  They  are  havier  bodied  than  are  ground 
squirrels  and  have  shorter  hair  which  lies  close  to  the 
body.  The  head  and  back  are  tan  or  light  brown.  While 
The  ground  squirrels  tend  to  be  somewhat  gregarious, 
the  oniric  dogs  are  truly  colonial  and  live  in  ^towns," 
Like  the  ground  squirrel,  the  prairie  dog  feeds 
primarily  on  vegetation,  but  it  will  eat  insects  readily. 

WooUchmrks,  groundhogs,  or  marmots  ( Marmota). 
These  feral  rodents  are  found  from  the  eastern  United 


Figure  I  k  Ground  Wmrrd  (feral  rodenil. 


States  to  the  mountain  ranges  or  California,  They  arc 
also  found  in  Western  Europe  and  most  of  Asia.  They 
are  heavy,  robust,  well-furred  animals.  The  crown  of 
the  head  is  darker  than  the  body.  Where  terrain 
permits,  burrows  arc  constructed  on  hillsides  or  low, 
sloping  banks.  While, ahey  will  occasionally  eat 
-  grasshoppers*  snails*  and  small  birds,  they  are  more 
herbivorous  than  are  ground  squirrels  or  prairie  dogs. 
They  enjoy  clover,  alfalfa,  flower  heads*  and  other 
herbaceous  plants.  In  some  mountainous  areas  of 
western  United  States,  they  are  nearly  as  gregarious  as 
ground  squirrels.  In  the  eastern  Uniiejd  Slates*  their 
burrows  usually  are  more  isolated.  Hibernation 
usually  lasts  through  late  winter. 

Exercises  (CM): 

1,  Name  the  feral  rodents  to  which  the  following 
descriptions  apply.  Give  the  species  as  well  as  the 
common  names. 

a.  This  rodent  is  Irving  in  riorthern  California,  k  is 
*  gray  to  reddish  brown^  In  the  winters,  it  will 
hibernate. 


h.  This  rodent  is  living  in  Georgia*  It  is  heavy  and 
well-furred*  The  crown  of  its  head  is  darker  than 
its  body.  It  is  mostly  herbivorous,  but  ii  may  eat 
^mall  birds. 


k,.  This  rodent  is  living  in  a  colony  in  northern 
Mexico,  It  is  heavy-bodied  with  a  tan  head  and 
back. 


CI3,  Idenlif*  as  correct  or  incorrect  given  statements 
pertaining  to  the  control  of  members  of  ihe  squirrel 
family, 

Control  of  the  Squirrel  Family,  There  are  no  special 
inspection  techniques  for  burrowing  members  of  the 
squirrel  family,  You  can  control  them  by  baiting, 
Losing,  trapping*  or  shooting  them*  Your  choice 
depend*  primarily  on  the  size  of  the  job. 
i  Shooting.  This  can  be  ihe  easiest  and  cheapest 
control  for  an  occasional  ground  squirrel  or 
woodehuefc.  However,  land  use  may  dictate  against 
[his  form  of  control.  Shooting  is  not  an  economical 
method  for  control  in  large  areas  of  infestation. 

Trapping,  Like  shooting,  trapping  can  be  a  cheap 
and  effective  control  technique  where  you  have  a 
limited  infestation.  Steel  traps  baited  with  bacon  or 
wnh  peanut  butter  will  readily  take  ground  squirrels. 
Be  sure  to  attach  the  traps  to  sturdy  objects  to  keep 
them  from  being  dragged  deep  into  burrows. 

Gaming,  Various  fumigants  are  effective  for  ihe 
Control    of   ground    squirrels*    prairie   dogs,  and 


woodchucks.  To  use  carbon  monoxide,  park  a  jeep, 
truck,  or  tractor  near  the  burrow,  and  use  a  hose  to 
direct  the  exhaust  to  the  burrow.  Pack  soil  around  the 
hoje.  This  procedure  can  be  effective*  but  it  is  time 
consuming. 

Calcium  cyanide  dust  and  carbon  disulfide  arc 
useful  in  control  over  iiiull  areas  or  as  cleanup 
applications  to  eliminate  scattered  rodents  not  killed 
by  poison  when  an  area  is  baited.  They  are  also  useful 
at  times  when  the  animals  will  not  accept  poisoned 
baits.  You  can  pump  either  of  these  materials  into  the 
burrows  with  appropriate  equipment.  You  can  also  put 
carbon  disulfide  into  the  burrows  on  cotton  waste  balls 
soaked  in  the  liquid  fumigant.  There  is  some  fire 
hazard  connected  with  the  use  of  this  material  because 
the  liquid  bums  readily*  and  the  vapor  is  highly 
explosive.  You  can  apply  calcium  cyanide  to  burrows 
1  with  a  tablespoon  attached  to  the  end  of  a  20-inch 
wood  handle,  Placeaiablespoonful{  \XA  to2ounces)of 
the  toxicant  on  the  burrow  floor  as  far  in  as  you  can 
reach.  Cover  the  mouth  of  the  burrow  with  sod.  Place 
the  sod  upside  down  so  that  less  soil  will  fall  in  to  cover 
up  the  cyanide  dust.  Calcium  cyanide  dust  is  most 
effective  when  the  soil  is  damp,  Fumigants  also  have 
the  advantage  of  killing  fleas  and  other  Insects  in  the 
burrows.  This  aclion  is  important  in  plague  control 
Carbon  disulfide  is  less  effective  in  this  respect  than  in 
calcium  cyanide* 

Poisoning.  The  use  of  poisoned  baits  is  usually  the 
most  economical  technique  for  control  of  burrowing 
members  of  the  squirrel  family.  You  can  find  bait 
formulas  and  preparation  instructions  in  Appendix  A 
of  the  supplement  lo  Volumes  4,  5,  6,  and  7» 

Although  there  are  no  materials  registered  for  this 
purpose,  strychnine  bail  has  proved  most  effective  for 
squirrels  when  they  are  "pouching"  (gathering  seeds  or 
grain  in  their  cheek  pouches  to  store  or  to  carry  away  to 
some  favored  place  for  eating).  The  strychnine  is 
absorbed  through  the  pouch  lining.  When  squirrels  are 
feeding,  they  remove  the  hull  of  the  grain  and  are  not 
likely  to  be  poisoned  by  the  strychnine  coated  on  the 
hull,  During  periods  of  maximum  feeding  (early 
spring),  use  the  zinc  phosphide  bait  formula  should  be 
used.  Prevailing  pan  of  a  squirrel-infested  area  with 
unpoisoned  grain  is  a  recommended  test  to  determine 
whether  the  squirrels  will  eat  the  bail  or  "pouch"  it, 
NOTE;  You  must  gel1  approval  from  the  command 
miomologtst  before  you  use  poison  baits. 

If  approval  has  been  granted,  scalier  poisoned  grain 
bait  thinly  with  a  spoon,  Place  it  on  hard,  bare  ground 
and  along  or  near  open  spaces  on  runways,  thereby 
making  it  easy  lo  find.  The  recommended  dosage  is 
about  I  tablespoonful  of  grain  scattered  over  1  lo  2 
square  feet.  One  quart  of  a  strychnine-co  a  led  grain 
provides  30  lo  35  tablespoonfuls.  When  domestic 
animals  might  be  endangered,  ihe  poisoned  grain 
should  be  placed  only  in  ihe  burrows  or  scattered  very 
thinly.  Find  out  about  local  conditions  affecting 
control  operations  from  local,  county,  or  siaie  agencies 
having  an  interest  in  this  problem. 
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Exercbe*  (C13): 

L  Place  the  letter  "T"  before  the  correct  statements. 

■   a.  The    choice    of    methods    of  controlling 

burrowing  members  of  the  squirrel  family 
depends  primarily  on  the  size  of  the  job. 

 h>  The  easiest  and  cheapest  control  for  an 

occasional  squirrel  or  wood  chuck  is  usually 
shooting. 

 c   Steel  traps  baited  with  bacon  or  peanut  butter 

may  readily  take  ground  squirrels. 

 d.  Calcium  cyanide  dust  used  to  gas  ground 

squirrels  and  prairie  dogs  is  most  effective 
when  the  soil  is  dry. 

—  e.  Carbon  disulfide  is  more  effective  than  calcium 

cyanide  in  killing  fleas  and  other  insects  iti 
burrows. 

—  L  The  use  of  poisoned  baits  is  usually  the  most 

economical  technique  for  control  of  burrowing 

members  of  the  squirrel  family. 
 g.  During  periods  of  maximum  feeding,  the  zinc 

phosphide  bait  formula  should  be  used. 
— ^  h.  Prior  approval  must  be  obtained  from  the 

command  entomologist  before  using  poison 

baits 

2.  Correct  all  incorrect  statements. 


CM.  Complete  given  statements  pertaining  to  the 
importance*  recognition  characters^  biology^ 
inspection,  and  control  of  packet  gophers. 

Importance,  Recognition  Characters*  Biology, 
Inspection,,  and  Control  of  Pocket  Gophers.  Pocket 
gophers  are  rodents  in  the  family  Geomyidae. 
Member*  of  this  family  are  found  from  Saskatchewan 
south  to  Panama,  but  are  most  abundant  in  trie 
western  United  States  and  Mexico,  These  animals, 
occasionally  require  control  al  military  installations, 

Importance.  The  mounds  made  by  gophers,  besides 
being  unsightly,  are  a  mowing  obstacle  in  lawns  and 
other  turf  areas.  They  also  create  a  safety  hazard  in 
airfields  and  training  areas,  Gopher  burrows 
frequently  cause  leaks  in  dikes  and  embankments 
holding  impounded  water  and  thus  contribute  to 
serious  soil  erosion.  These  animals  also  serve  as 
reservoirs  of  plague. 

Recognition  characters  and hiohgy.  Pocket  gophers 
are  well-suited  for  a  life  underground  and  are  seldom 
seen  outside  their  burrows.  The  fore  limbs  have  greatly 
enlarged  digging  claws.  The  naked  tail  has  a  tactile  tip. 
The  large,  heavy  incisors  protrude  beyond  the  lips.  On 
the  sides  of  ihe  mouth  are  the  openings  for  the  fur- 
lined,  external  cheek  pouches.  The  ears  are  minute, 
and  the  eyes  are  small.  Pocket  gophers  feed  on  roots, 
tubers,  bulbs,  and  other  vegetables.  They  burrow 
extensively,  pushing  earth  up  to  form  aboveground 
mounds.  Main  tunnels  and  laterals  are  common.  In  the 
continual  search  for  food,  a  single  pocket  gopher  may 
extend  tunnels  (o  cover  an  area  of  an  acre  or  more. 


Inspection.  There  are  no  special  inspection 
techniques  for  pocket  gophers.  You  can  tell  their 
burrowing  from  that  of  the  burrowing  members  of  the 
squirrel  fatnily  because  squirrels  burrow  for  dwelling 
purposes  rather  than  in  a  continual  search  for  food. 
You  can  distinguish  pocket  gopher  burrowing  from  the 
burrowing  of  the  moles  because  moles  work  nearer  the 
surface  and  push  the  sod  up  in  a  nearly  continuous 
ridge. 

Control*  You  can  control  pocket  gophers  by  batting, 
trapping,  or  gassing.  Before  you  select  a  control 
methods,  inspect  the  areas  adjacent  to  the  damaged 
area  for  tunneling  to  determine  the  true  extent  of  the 
control  operations  required.  You  may  want  to  use  one 
of  the  following  methods: 

a.  Gassing.  The  futnigants  and  use  techniques 
discussed  for  the  control  of  ground  squirrels  apply  to 
control  of  pocket  gophers,  with  two  additional 
requirements.  0)  Because  a  single  pocket  gopher  will 
tunnel  extensively,  more  gas  and  more  effort  is 
required  per  animal  killed.  <2)  Make  every  effort  to  seal 
off  the  burrows  to  prevent  excess  escape  of  the  gas. 

b*  Trapping.  Trapping  is  effective  for  control  of 
gophers  if  it  is  conducted  by  trained  personnel.  The 
Macabee  gopher  trap  can  produce  good  results.  Select 
freshly  constructed  mounds  for  placing  traps.  Each 
gopher  mound  is  more  or  less  fan  shaped,  with  the  plug 
of  the  lateral  burrow  at  the  base  of  the  fan-  You  can 
locate  the  main  runway  with  a  probe  or  by  digging  our. 
the  lateral  to  its  junction  with  the  main  tunnel.  Set  two 
traps,  one  facing  each  way,  in  the  main  runway  because 
'the  gopher  may  approach  from  either  direction.  In 
some  instances,  traps  are  effective  when  set  in  a  lateral 
that  is  long  enough  that  the  trap  does  not  extend  into 
the  main  runway.  Cleanout  the  plugged  opening  of  the 
burrow  with  a  garden  trowel  or  long-handled  spoon. 
Enlarge  the  opening  sufficiently  to  admit  the  trap. 
Place  the  traps  in  gopher  runways  12  to  IS  inches  inside 
the  burrow,  which  is  lett  open  or  only  partially  closed. 
Air  and  light  will  bring  the  gophers  out  to  repair  the 
tunnel.  Bailing  gopher  traps  is  not  recommended. 
Fasten  the  traps  to  suitable  stakes  with  a  small  wire  or 
cord  When  traps  are  not  fastened,  captured  gophers 
often  escape  with  them. 

c.  Poison  baits.  The  most  effective  and  economical 
method  of  gopher  control  in  large  areas  is  the  use  of 
poison  baits.  Locate  the  main  runway  should  with  a 
probe,  and  place  the  bait  in  the  runway.  Summer  and 
fall  are  the  best  seasons  for  poisoning  gophers.  Bait 
formulas  and  preparation  instructions  arc  given  in 
Appendix  A  of  Supplement  to  Volumes  4, 5,  6, and  7. 

Exercises  (C14); 

J.  Pocket   gophers   also   serve   as  reservoirs  of 

2.  Pocket  gophers  create  a  safety  hazard  in  

and  , . —  areas. 

y.  The  fprelimbs  ot  the  pocket  gophers  have  greatly 

enlarged  


4.  Tht  pocket  gophers  feed  on  ,  , 

.  and  other  vegetables. 

5.  The  burrowing  members  of  the  squirrel  family 
burrow  for  shelter  purposes  rather  than  a  ccntinual 
search  for  

6.  Pocket  gophers  can  be  controlled  by   

 '.  or  

7.  When .  you  are  gassing  for  control  of  pocket 

gophers,  make  every  effort  to    off  the 

burrows  to  prevent  excess  of  the  gas. 

8<  Baiting  gopher  traps  is  recommended. 

9,    and    are  the  best  seasons  for 

poisoning  gophers. 

1-3.  Other  Field  Pests 

Although  rodents  are  the  primary  vertebrate  pests, 
you  sometimes  must  control  several  other  field 
animals.  Some  of  these  other  vertebrates  are:  rabbits, 
hares,  and  pikas:  moles  and  shrews;  and  predatory 
animals. 

C15.  Identify  given  statements  concerning  rabbllsT 
hares*  and  pikas  as  being  true  or  false, 

Rabbits,  Hares,  and  Pikas.  These  animals  belong  to 
the  order  Lagomorpha-.  They  differ  from  rodents  in 
that  they  have  four  upper  incisor  teeth  rather  than  two. 
The  second  pair  of  incisors  is  smaller  than  and  behind 
the  first  pair. 

The  pikas.  or  conies,  belong  to  the  family 
Ochotonidae,  They  have  short,  rounded  ears,  a 
vestigial  tail,  and  hindlimbs  that  are  not  elongated  as 
are  those  of  hares.  Pikas  are  limited  to  the  Rocky 
Mountain  slopes  of  western  North  America,  They  are 
of  little  significance  at  military  installations.  Hares  and 
rabbits  belong  to  the  family  Leporidae, 

Importance.  Hares  and  rabbits  serve  as  the  primary 
reservoir  of  tularemia.  They  are  also  reservoirs  of 
spotted  fever  and.  to  a  Leaser  extent,  of  plague.  The 
rabhit  tick,  Haemaphysclis  teporis  palu$iri$>  plays  an 
important  role  in  transmitting  spotted  fever  and 
tularemia  from  rabbit  to  rabbit  and  thus  in 
maintaining  natural  reservoirs.  Rabbits  and  hares  are 
of  economic  importance  at  military  installations 
because  they  damage  trees  and  erosion  control 
plantings.  Damage  is  most  prevalent  at  installations  in 
the  western  United  States  where  large  populations  of 
jack  rabbits  frequently  develop.  Although  epizootics 
drastically  reduce  their  numbers  at  intervals  of  about  7 
years,  other  control  measures  are  often  needed. 

Recognition  characters  and  biology.  Hares  and 
rah  bits  are  heavily  furred  animals  with  long  ears  and 
elongated  hindlegs.  They  inhabit  most  of  the  major 
land  masses  and  some  islands. 

The  true  rabbits,  of  the  genus  Sy!vilagust  include:  (I) 
the  cottontails,  which  range  from  southern  Canada 
south  to  Argentina  and  Paraguay:  (2)  the  smaller  brush 
rahbit  tif  the  United  States  Pacific  coast;  and  (3)  the 
marsh  rabbits  or  swamp  rabbits  of  the  southern  and 
southeastern  United  States.  The  young  of  this  genus 
are  horn  naked,  blind,  and  helpless. 


.The  hares,  of  the  genus  Lepus,  are  represented  by  the 
jack  rabbit  and  by  the  varying  hare,  or  snows  hoe 
rabbit.  The  young  hares  are  bom  in  an  advanced  state 
with  the  eyes  open  and  the  body  well-furred.  They  can 
move  about  soon  after  birth. 

Control  Techniques  employed  for  the  control  of 
hares  and  rabbits  include  poisoning,  trapping, 
shooting,  applying  repellents,  ancf  constructing 
barriers.  The  methods  best  suited  for  use  depend  on 
regional  and  local  conditions.'  Where  the  presence  of 
hares  or  rabbits  constitutes  a  threat  to  health  or  a 
significant  economic  problem,  get  the.  advice  of  the 
appropriate  command  staff  entomologist. 

Exercises  (C15): 

Place  the  letter  T  before  the  tru;  statements. 

—  L  Rabbits  and  Jiares  belong  to  the  "*4er 

Lagomorpha. 

—  2.  Rabbits  and  hares  have  two  upper  incisor  teeth 

rather  than  four. 

—  3.  Hares  and  rabbits  serve  as  the  primary 

reservoir  of  tularemia. 

 4,  Rabbits  and  hares  do  extensivedamage  to  trees 

and  erosion  control  plantings. 

—  5.  Hares  and  rabbits  are  heavily  furred  animals 

with  long  ears  and  enlongated  hind  legs.  .  / 

—  6,  The  young  rabbits  are  born  in  an  advanced 

state  with  eyes  open  and  the  body  well-furled. 

 7.  Techniques  employed  for  the  control  of  hares 

and  rabbits  include  poisoning,  trapping, 
shooting,  applying  repellents  and  constructing 
barriers,  / 

C16.  Complete  given  statements  pertainiiyi  to  the 
importance  of  moles.  "  j 

Importance  or  Moles  (Nonrodent  Vertebrate  Pests 

Moles  belong  to  the  order  Insectiybra.  famil 
Talpidae.  The  general  distribution  of  moles  seems  Vo 
depend  largely  upon  atmospheric  r  urpidity  and  trie 
resulting  condition  of  the  soil.  Tiiey  are  absent 
altogether  from  arid  regions ,  and  when:  the  prairies  of 
the  middle  west  merge  gradually  into  the  Plains,/lhey 
live  only  along  watercou-"  In  these  regions'  of 
deficient  rainfall,  the  ground  is  so  dry  and  hard  during 
Jthe  greater  part  of  the  year  as  to  be  wholly  unsuited  to 
the  existence  of  earthworms  and  insect  Larvae,  upon 
which  the  mole  depends  for  food.  In  the  east,  moles  are 
most  abundant  in  moistT  rich  soils  along  streams, 
particularly  if  these  places  are  somewhat  shaded,  In  the 
cooler,  more  uniform  climate  of  the  Pacific  Northwest, 
they  are  plentiful  anywhere  in  the  well-watered  valleys, 
Moles  often  disfigure  lawns,  damage  golf  courses, 
and  ruin  seedbeds  in  gardens  and  nurseries.  They  cause 
damage  in  cornfields,  gardens,  and  flowerbeds  by 
eating  seed  corn  and  plant  roots  and  also  by  traveling 
along  the  rows,  heaving  the  plants  out  of  the  ground, 
and  thus  causing  heavy  crop  losses.  Mounds  raised  by 
motes  in  hayfields  break  or  quickly  dull  the  knives  of 
the  mower  cutter  bar  or  else  necessitate  raising  the  bar 
so  much  as  to  reduce  the  crop. 
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The  mule  is  also  a  potential  carrier  of  plant  pests  and 
diseases,  and  (tic  mole's  work  may  seriously  increase 
the  damage  during  such  outbreaks.  In  scratching  or 
eating  infected  bulbs  or  'ootsand  then  going  to  healthy 
plants,  these  animals  may  spread  disease  organisms, 
such  as  the  mosaic  virus  and  other  bacteria  or  spores  as 
well  as  injurious  nematodes.  One  mole  can  easily  travel 
]00  yards  a  day  through  loose  soil. 

Exercises  (C16): 

1,  The  general  distribution  of  moles  depend  largely 
upon  the  atmospheric  .  and  the  resulting 
condition  of  the  

2.  In  making  their  mounds  and  runways,  moles  often 

disfigure  ,  damage  aijd  ruin 

 in  gardens. 

T  The  mole  is  a  potential  carrier  of  plant  and 


("17.  Identify  given  statements  concerning  the 
recognition  characters  and  biology  of  motes  as  being 
correct  or  incorrect. 

Recognition  Characters  and  fifofogy  of  Moles.  So 
seldom  is  the  mole  seen,  even  by  those  familiar  with  its 
work,  that  it  is  often  confused  with  other  small 
creatures,  particularly  the  shrew,  the  vole  (or  meadow 
mouse),  and  the  pocket  gopher.  The  mole  is  readily 
distinguished  from  the  pocketgopher  by  the  absence  of 
cheek  pouches  and  by  its  les^  conspicious  eyes.  The 
mole  is  not  a  rodent  and  can  be  readily  distinguished 
from  any  of  this  order  and  from  the  shrew  by  its  short, 
aout.  front  limbs  ertdtog  in  broad,  rounded  hands  with 
strong  claws  and  with  palms  turned  outward,  Jt  has  a 
rather  elongated  body,  dose,  plushlike  fur,  n  pointed 
.snout,  and  u  short  tail. 

Neither  external  eyes  nor  ears  are  ordinarily  in 
evidence.  If  not  totally  blind,  the  common  mole  of  the 
eastern  part  of  the  United  States  can  at  best  merely 
distinguish  hetween  light  and  darkness,  as  what 
remains  of  its  [>rguns  of  sight  lie  wholly  beneath  the 
skm.  The  degeneratjon  of  these  organs  has  apparently 
not  proceeded  so  far  in  Townscnd's  mole  (the  largest 
mole  on  the  continent),  which  usually  opens  its  eyes 
when  annoyed  by  an  observer,  The  eyes  of  the  star- 
nosed  mole  also  are  readily  discernible,  The  mole  lives 
mostly  underground.  Its  experiences  come  through  its 
sensitive  iouch.  acute  hearing,  and  highly  developed 
sense  of  smell.  While  the  'inimal  is  seldom  seen  above 
ground*  it  sometimes  ventures  out  of  its  tunnels,  chiefly 
j)  night. 

When  a  mole  is  living  in  lawns,  gardens,  cr  fields, 
telltale  ndges  or  conspicuous  mounds  of  earth  plainly 
indicate  its  runways,  The  ridges  show  the  direction  and 
Course  of  the  animal  shunting  paths,  which  are  so  close 
to  the  surface  t hut  the  sod  or  the  soil  crust  is  raised 
The  mounds  indicale  deeper  tunneling.  Such  mound* 
thickly  dot  the  mole-infested  area  of  the  Pacific  coast 
country.  They  are  &i  much  rarer  occurrence  in  the 
habitat  of  the  common  eastern  species,  hut  the  star- 


nosed  mote  regularly  uses  this  method  to  dispose  of 
dirt  from  its  tunnels. 

The  number  of  mounds  or  ridges  in  a  field  does  not 
indicate  the  number  of  moles  present.  OneTownsend's 
mole,  for  instance,  in  a  period  of  77  days  constructed 
302  mounds  un  a  quarter-acre  field. 

The  mounds  of  Townsend's  and  other  moles  of  the 
west  coast  resemble  superficially  the  earth  heaps 
thrown  up  by  pocket  gophers,  but  usually  they  can  be 
distinguished.  The  mole  heaps  are  the  more  rounded 
and  symmetrical  and  are  built  up,  volcano  fashion,  by 
successive  upheavals  beneath  and  through  the  center  of 
the  pile.  The  soil  that  is  thus  excavated  rolls  down  the 
sides  from  the  summit.  The  pocket  gopher,  on  the 
other  hand,  brings  up  the  soil  excavated  in  its  workings 
and  dumps  it  on  the  surface  in  armfuls,  thus  forming 
low*  semicircular  or  fan-shaped  accumulations  of  fine 
dirt  more  or  less  to  one  side  of  the  burrow  exit. 

The  more  permanent  tunnels  of  the  mole  commonly 
run  along  fences,  hedges,  walks*  plant  rows,  and  the 
ridges  of  open  fields,  These  places  give  the  mole  some 
concealment  or  shelter.  These  burrows'  vary  in  depth 
from  only  lL  or  2  inches  to  levels  beneath  the  reach  of 
the  plow.  They  constitite  a  labyrinth  of  runways, 
apparently  constructed  with  no  definite  plan  and 
including  here  and  there  an  enlargement, 

A  mole's  appetite  seems  to  be  almost  insatiable. 
When  held  in  captivity  and  given  food  to  its  liking,  one 
will  sometimes  eat  more  than  its  vveight  in  a  day.  The 
large  quantity  of  food  thus  required  is  no  doubt  due  to 
the  intensely  active  life  the  Little  animal  leads,  Few 
oiher  mammals  are  relatively  as  strong  or  do  as  much 
hard  work  in  a  day.  The  mole's  food  generally  consists 
of  adult  insects  and  their  larvae,  and  earthworms.  For 
the  common  eastern  mole,  earthworms  and  white 
grubs  constitute  the  bulk  of  the  food.  Beetles  and 
larvae,  other  ground-inhabiting  insects  and  their 
cocoons  and  puparia.  spiders,  centipedes,  and  some 
vegetable  matter  also  are  included  in  the  eastern  mole's 
diet.  Townsend*s  mole  also  lives  largely  on  earthworms 
and  larval  and  adult  insects,  but  it  takes  a  considerably 
greater  quantity  of  vegetable  matter  than  does  the 
eastern  mole.  As  the  mote's  short  teeth  are  not  well 
suited  to  gnawing,  damaged  roots  are  munagled  but 
not  cut  clean, 

Moles  probably  never  become  dormant.  They 
extend  their  surface  runways,  however,  mainly  at  times 
when  soil  conditions  are  favorable  -  after  rains  in 
summer  or  during  periods  of  thaw  in  winter.  At  other 
times  in  their  search  for  food,  moles  must  use  their  old 
runs  or  work  at  depths  and  in  situations  unaffected  by 
frost  or  drought*  Movementsof  sotl-inhabiting  worms 
and  insects,  including  larvae,  tend  to  bring  ever  fresh 
supplies  of  food  into  these  tunnels. 

Contrarv  to  popular  opinion,  moles  are  slow 
breeders.  Their  lite  of  seclusion  sheltersuhem  from 
rminy  dangers  To  maintain  their  normal  numbers 
from  generation  to  generation,  a.  rapid  r^te  of 
increase,  therefore*  it  is  not  necessary.  Moles  grow  and 
develop  wil1*  surprising  rapidity.  For  example,  in  the 


574 


Northwest,  most  oft  he  young  are  born  in  the  latter  half 
of  March  and  the  first  half  of  April,  spend  about  a 
month  in  the  nests,  and  early  in  June  are  so  well  grown 
as  not  ordinarily  to  be  distinguished  from  the  parent 
moles.  This  rapid  growth  accounts  for  the  fact  that 
small  young  moles  are  seldom  trapped.  By  the  time 
they  leave  the  home  nest  and  take  to  the  runways  for 
themselves,  they  already  have  attained  something  like 
the  size  and  proportions  of  adults. 

Exercises  tC17): 

1.  Place  the  letter  "T*  before  the  true  statements.. 

—  a.  The  mole  is  a  rodent. 

—  b.  The  mole  has  short,  stout,  front  limbs  ending  in 

broad  rounded  hands  with  strong  claws  and 
with  palms  turned  outward. 

—  c.  If  not  totally  blind,  the  common  mole  of  the 

eastern  part  of  the  United  States  can  at  best 
merely  distinguish  between  light  and  darkness. 

 d.  The  mole  lives  mostly  underground, 

 e.  The  mounds  show  the  direction  and  course  of 

the  animal's  hunting  paths,  which  are  so  dose 
to  the  surface  chat  the  sod  or  the  soil  crust  is 
raised. 

—  T  A  mole's  appetite  seems  to  be  almost  insatiable, 

—  g.  A  mole's  food  generally  consists  ofadult  insects 

and  their  larvae  and  earthworms. 

 h.  Moles  grow  and  develop  with  surprising 

rapidity. 

2,  Correct  the  false  statements. 


C 18.  State  how  you  should  inspect  for  the  presence 
and  population  of  moles. 

Inspection  Methods.  No  special  inspection  methods 
apply  to  determining  the  presence  of  moles.  Their 
presence  is  evident  from  their  digging-  The  only  way 
you  can^take  a  population  survey  is  Co  observe  their 
activity. 

If  you  make  an  opening  in  a  mole's  runway,  the 
animal  will  repair  the  hole  when  it  next  comes  that 
way.  By  taking  advantage  of  this  habit,  you  can  gain 
much  information  if  you  will  visit,  at  short  intervals 
through  the  day.  each  of  a  number  of  runs  in  which  you 
have  made  &  small  break.  Vou  are  as  likely  to  find 
-moles  working  at  one  hour  of  the  day  or  night  as  at 
another,  especially  in  seasons  when  there  is  no  great 
va>  ition  in  temperature  throughout  the  24  hour  day. 

Exercises  K18): 

I    How  ;an  you  determine  ihe  presence  of  moles.' 


2,  State  the  inspection  methods  you  should  use  for 
population  surveys, 

C19.  Complete  given  statements  concerning  mole 
control. 

Control.  You  can  control  moks  by  limiting  their 
food;  by  trapping,  drowning  or  gassing;  by  Using 
repellents;  and*  to  some  extent,  by  constructing 
barriers', 

Food  contzoL  The  control  of  moles  in  lawns  and 
other  turf  areas  can  be  achieved  effectively,  though 
indirectly,  by  the  application  of  insecticides.  Such 
treatments  control  beetle  grubs  and  other  lawn  insects, 
thereby  depriving  the  moles  of  their  natural  food 
supply.  The  moles  are  not  affected  directly  by  the 
insecticides  in  the  dosages  used,  but  they  remain  Out  of 
the  area  became  of  the  absence  of  food.  Specific 
dosage  recommendations  for  various  insecticides  are 
given  in  Appendix  A  of  the  supplement  to  Volumes  4. 
5,  6,  and  7. 

"  Trapping.  Trapping  is  a  universally  applicable  and 
satisfactory  method  of  mole  control,  but  it  is  successful 
only  if  the  habits  and  instincts  of  the  mole  are 
considered  carefully.  Tht  suspicion  of  the  mole,  for 
instance,  is  aroused  when  its  sensitive  nose  encounters 
anything  foreign  in  its  runway,  and  it  will  immediately 
back  up  and  burrow  around  or  under  an  ordinary  trap 
set  in  its  tunnel.  It  is  not  suspicious  of  dirt  blocking  the 
runway,  however,  as  its  burrow  is  closed  frequency  by 
farm  machinery  and  by  people  and  large  animals 
stepping  on  it.  The  mole  will  immediately  push  its  way 
into  such  a  dirt  blockade,  reopen  it.  and  continue  on  its 
way, 

This  haoit  provides  opportunities  for  using  a 
specially  designed  trap  that  straddles,  encircles., or  is 
held  suspended  above  the  runway,  th*  trigger  pan, 
resting  on  or  hidden  in  a  dirt  blockade.  Under  such  ' 
conditions,  the  unsuspecting  mole  cannot  detect  the 
presence  of  the  trap.  In  pushing  into  the  dirt 
obstruction,  it  either  lifts  the  trigger  pan  or  pushes  the 
dirt  against  the  hidden  trigger  arm  and  thus  releases  the 
trap  spring. 

Another  fundamental  condition  for  you  to 
remember  is  that  the  mole  is  sensitive  to  an  unnatural 
environment.  For  this  reason,  you  should  never  tear  up 
large  or  numerous  sections  of  the  mole  burrow  in 
attempting  to  locate  a  favorable  setting  for  a  trap,  Vou 
also  should  bear  in  mind  that  a  poorly  set  trap  is  a 
detour  sign  for  the  ever-suspicious  mole.  The  selection 
of  a  frequently  used  runway  for  a  trap  set  is  of  prime 
importance. 

East  of  the  Rocky  Mountains,  glace  the  traps  in  the 
hunting  tunnels,  which  are  close  to  the  surface  and  are 
indicated  by  the  conspichus  ridges.  These  surface 
runways  are  made  for  the-primary  purpose  of  finding 
food.  Mary  of  them  are.  therefore,  not  used  more  than 
once:  others,  however,  serve  as  highways  arj  are  used 
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regularly.  Ordinarily,  a  runway  that  takes  a  straigbi 
course  for  some  distance  or  beems  to  connect  two 
systems  of  workings  will  he  in  constant  use.  You  often 
can  determine  the  used  tunnels  hy  puking  a  small  hole 
into  all  tunnels  in  the  area  and  noting  later,  usually 
within  a  Jew  hours,  which  ones  haie  been  closed,  in 
large  fields  you  can  find  the  runs  in  use  by  driving  a 
vehicle  hack  and  forth  across  the  area,  flattening  the 
mole  ridges  at  intervals  ot  50tto  100 feet.  The  following 
day  the  regularly  used  runways  will  be  raised  again, 
When  you  can  locate  the  deeper  runs,  which  often  are 
highways  used  hy  many  molest  you  can  catch  a  number 
of  moles  by  continued  use  of  traps  in  the  same  place. 
Such  deep  tunnels  are  usually  3  to  12  inches  or  more 
hetow  the  surface,  along  fence  lines  or  ndges  in  open 
fields,  or  at  crossings  from  sodded  to  cultivated 
ground,  j 

In  such  cases,  an  entire  6-aerc  field  can  be  treated 
successfully  hy  setting  traps  along  the  fence  rows.  As 
moles  are  active  throughout  the  year,  they  may  he 
trapped  at  any  seuson.  although  it  is  not  practical  to 
ea'rry  on  operations  when  the  ground"  is  fro/en  or 
exceedingly  dry.  The  hest  time  to  trap  is  when  fresh 
signs  of  mole  activity  are  noted. 

Ihe  large  moles  of  com  t  id  Wa>shirtgton.  Oregon,  and 
California  iScapanus  ^pp)  differ  in  habits  from  the 
common  moles  east  of  the  Rocky  Mountains  in  that 
they  push  to  t  he  surface  numerous  piles  of  earth  (mole 
hills  I.  indicating  the  approximate  location  of  the 
deeper  burrows.  This  habit  makes  Jt  feasible  to  trap 
them  in  the  deeper,  main-traveled  runnels. 

To  locate  the  run  was.  use  a  probe  or  slender  metal 
rod  y*i  or  4  leel  long  and  about  J  BLjncb  m  diameter, 
such  ms  an  end-gate  rod.  or  a  piece  of  1  4-inch  gas  pipe. 
Push  the  probe  into  the  sojJ  J  or  4  inches  away  from 
selected  mound  II  you  are  directly  over  the  runway, 
you  wilt  leel  a  sudden  give  us  the  rod  breaks  into  the 
tunnel  opening.  II  not,  move  the  rod  to  either  side,  and 
repeal  ihe  probing  process  at  2-inch  intervals  around 
{he  minimi  unit}  you  break  Through  into  the  runway. 
Vou  can  probe  tun  her  at  inten  als  of  a  foot  or  so  from 
the  mound  to  determine  the  direction  of  the  tunnel 

Mole  tnips  tin  the  market  arc  of  two  general  types, 
the  gripping  and  the  harpoon.  Gripping  traps  come  in 
several  designs,  including  the  ehufcer-loop  trap,  the 
>cissors*jaw  trap,  and  the  diamond-iuw  (rap.  All  are 
about  equally  ettcetrve  The  harpoon  trap  is  more 
pop u jar  than  traps  of  the  gnpper  ivpe  because  H  is  set 
more  easily.  It  is  somewhat  less  efficient,  however, 
because  the  mole  mav  escape  if  the  prong*  do  not  strike 
a  vital  spoi 

[o  use  the  harpoon  trap,  pack  down  the  runway 
ridge  with  sour  loot  and  push  the  set  trap  \  wuh  safely 
catch  in  pluuei  into  the  ground  so  that  the  trigger  pan 
rests  snuglv  in  the  depressed  ridge  and  the  tw  o  pointed 
supports  straddle  the  runway  evenly.  Then  release  tluh 
walen  catch  If  the  ground  is  hurd  or  t»ra\elh.  spring 
t  he  trap  once  io  make  sure  that  the  impaling  spikes  i>r 
prongs  easiK  penetrate  into  the  ^oil  tor  their  Hill 
length.  If  they  do.  reset  the  trap  wjihout  changiniyiis 
position  1 1  not.  seleci  a  new  piaui: 


To  set  a  gnpper  irap,  make  an  e*cavatifln  across  the 
burrow  a  little  deeper  than  the  burrow,  just  the  width  / 
of  the  trap,  A  garden  trowel  is  useful  for  this  purpose. 
Note  the  exact  direction  of  the  tunnel  from  the  opened  » 
ends,  and  place  the  set  trap  so  that  its  jaws  evenly  (J 
straddle,  or  its  Joop  encircles,  this  line  of  course.  Then  p, 
block  the  excavated  section  with  loose,  damp  soil  from  » 
which  you  have  removed  all  gravel  and  rubbish,  Pack 
ihe  soil  firmly  underneath  the  trigger  pan  with  your 
fingers  and  set  the  trap  so  that  the  trigger  rests  snugly 
on  the  built-up  soil;  omit  this  step  when  you  use  the 
diamond-jaw  trap.  Finally,  fill' the  trap  hole  with 
enough  loose  dirt  to  cover  the  trap  level  with  the  trigger 
pan  and  to  exclude  all  light  from  the  mole  burrow.  The' 
mole  in  forcing  its  way  through  the  soil  blockade  will 
be  certain  to  spring  the  trap  by  raising  the  trigger  pan 
(of  the  choker-loop  or  scissors-jaw  trap)  or  by  moving 
it  to  one  side  (if  you  use  the  diamond-jaw  trap). 
Choker-loop  and  diamond-jaw  traps,  both  of  the 
J  gripper  type,  may  be  set  successfully  in  loose,  mellow, 
damp  soils  without  making  an  excavation  by  following 
the  method  described  for  setting  the  harpoon  trap. 

Drowning.  Moles  may  be  drowned  out  by  flooding 
the  runways,  especially  during  April,  when  the  young 
are  most  likely  to  be  in  the  nest  and  cannot  escape  the 
water. 

Gassing.  Gassing  has  been  given  increased  attention 
in  recent  years,  following  the  development  of  highly 
Iomc  and  easily  applied  compounds.  Calcium  cyanide 
dust  or  carbon  disuiprjide  in  n  gaseous  form  pumped 
into  the  runway  may  destroy  the  moles  under  certain 
conditinns  or  may  cause  them  to  avoid  the  gassed 
areas.  The  method  is  not  very  dependable,  and  the  cost 
often  is  greater  than  the  results  justify. 

Ri-peftentx.  The  marked  tendency  of  the  mole  to 
avoid  obnoxious  or  injurious  substances  often  makes 
the  use  of  repellents  practical  in  small  restricted  areas 
of  lawns  or  gardens  Lye,  paradichlornbenzene,  and 
napthalene  are  effective.  Open  the  visible  mole 
runways  with  your  finger  or  a  small  stick,  Insert  a 
tcaspoonful  of  one  of  these  materials  and  close  the 
opening  carefully.  Make  applications  at  intervals  of  K 
to  H)  feet  along  the  raised  runways  und  should  be 
repeated  whenever  sections  of  old  runways  show  signs 
of  heing  in  use  or  w lien  any  new  ridges  appear,  Fencing 
small  areas  with  woven  wire  or  with  concrete  is 
sometimes  practicable  where  valuable  plants  require 
special  protection  against  eastern  moles. 

Barnes.  Galvanized  hardware  cJoih  tvith  4  mfshes 
to  the  inch  tor  excluding  mice  as  well  as  moles  will  last 
a  number  of  years,  but  concrete  walls  I  inch  or  more 
thick  have  been  found  cheaper  in  the  long  run.  Fencing 
alone,  however,  cannot  always  be  depended  upon,  and 
it  may  be  necessary  to  supplement  this  method  of 
control  hy  trapping. 

8mt\,  Appendix  A  oi  the  supplement  to  Volumes  4, 
5h  ft,  and  ~f  provides  information  pertaining  to  the  ts  pe 
ot  poison  bait  that  can  be  used  in  the  control  of  moles 
< listed,  under  ^Rodenueides")  and  also  outlines  the 
preparation  and  application  rates  and  methods 
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Exercise*  (C19>: 

1.  Motes  can  be  controlled  by  controlling  their 

 ■  by  *  or   ;  by 

using  -  .  -  . 

2.  The  control  of  moles  in  lawns  and  other  turf  areas 
can  be  achieved  effectively  by  limiting  their  food 
by  applying  

3.  The   mole   is    most   sensitive   to  an   

environment. 

4.  The  surface  runways  are  primarily  for  ihe  purpose 
of  finding  

5.  Mole  traps  on  the  market  are  of  two  general  types, 
the  and  the  

6.  Moles  can  be  drowned  out  by  flooding  the 
 especially  during  April. 

"7.  Gassing  is  not  very  dependable,  and  the 

often  is  greater  than  the  results  justify. 

Effective   repellents  are   pa radichloro benzene. 

 and  . 

^  Fencing  small  areas  with  or  with  ic 

sometimes  a  practical  method  of  controlling 

moles. . 

10.  In  Appendix  A  of  supplement  to  Volumes  4,  5, 6, 
and  7  the  pesticide  listed  to  be  used  for  bait  for 
moles  is  . 

11.  Three  grip  per  traps  are  and  

I  2.  The  type  of  trap  that  is  easier  to  set  is  the  

trap 

I?.  To  set  a  gripper  trap,  you  must  make  a   

blockade. 

~j 

C20.  Identify  given  statements  pertaining  to  the 
importance,  recognition  characters*  biology^  and 
control  of  shrews,  as  being  true  or  false. 

Shrews  belong  to  the  family  Soricidae  of  the  order 
Insectivora.  They  occur  nearly  worldwide.  The  most 
common  species  inhabiting  the  eastern  half  of  North 
America  is  the  short-tailed  shrew.  Bfarirw  brevicauda. 

Importance7.  Short-tailed  shrews  are  unique  in  that 
they  have  a  poisonous  substance  in  their  salivary 
glands.  When  they  attack  their  prey,  such  as  mice,  the 
poison  enters  the  blood  stream  Qf  the  victim  and  causes 
partial  paralysiv  In  the  case  of  humans,  the  bite  is  not 
considered  particularly  dangerous. although  it  causes  a 
burning  sensation  and  shootingpains  that  may  last  for 
several  hours  or  days. 

Shrews  are  highly  beneficial  in  that  they  help  to 
control  insects,  mice,  and  other  forms  of  life  that  may 
at  times  be  objectionable  to  human  interest.  They  are 
not  known  to  transmit  any  diseases  of  importance  to 
humans  or  other  animals-. 

They  may  cause  some  damage  by  eating  a  relatively 
few  tree  seeds  on  certain  reforestation  projects. 
Although  at  times  they  also  eat  small  amounts  of 
vegetable  matter,  it  is  doubtful  whether  any 
appreciable  injury  to  gardens  or  crops  can  be 
attributed  to  them.  Such  injury  is  most  often  caused  by 
the*  mice  that  frequent  the  same  runways.  Shrews  may 


occasionally  wander  into  buildings  where  they  are 
unwanted. 

Recognition  Characters  and  Biology.  Shrews  can  be 
readily  distinguished  from  mice.  They  have  a  more 
streamlined  appearance  and  smoother  fur.  They  have 
minute  eyes  and  long,  pointed  snouts.  Their  anterior 
teeth  are  not  differentiated  by  form  into.  incisorSr 
canines,  and  premolars* Their  poorly  developed*  small 
black  eyes  are  probably  only  capable  of  distinguishing 
night  from  day.  External  ear  openings  are  concealed  by 
fur. 

The  shrews  found  in  this  country  are  smaller  than 
moles*  and  they  lack  the  large,  paddlelike,  digging 
front  feet  characteristic  of  the  moles.  Shrews  prefer  to 
live  in  woods*  swamps,  or  grassy  meadows  adjacent  to 
streams.  They  often  make  their  homes  under  fallen 
logs*  tree  stumps*  rock  piles,  or  in  rank  grass. 

Some  forms  are  aquatic*  and  have  stiff  hairs  lining 
the  toes.  Shrews  frequently  utilize  the  tunnels  and  trails 
of  pine  or  meadow  mice.  On  rare  occasions,  they  may 
inadvertently  enter  places  of  human  habitation, 
usually  through  cracks  and  other  openings  in 
foundations  near  ground  level. 

The  animals  are  extremely  active  and  very 
belligerent.  Their  high  metabolic*  rate  requires  a 
tremendous  amount  of  energy,  and  they  must  eat 
frequently  in  order  to  sustain  life.  The  diet  Consists 
almost  entirely  of  animal  food*  particularly  insects* 
earthworms*  snails,  salamanders*  etc,  They  are  entirely 
fearless  and  do  not  hesitate  to  attack  snakes*  birds,  or 
mice  much  larger.than  themselves.  They  sometimes  eat 
roots,  nuts*  seeds*  and  fruits*  particularly  during  winter 
months.  They  do  not  hibernate. 

Some  shrews  possess  scent  glands  that  emit  a 
disagreeable  secretion  that  discourages  predators*  In 
addition  to  anal  glands,  they  have  cutaneous  side 
glands  which  actively  secrete  during  breeding  seasons. 
m  They  breed  throughout  the  year,  with  peaks  during 
the  spring  and  fall  seasons.  There  may  be  several  litters 
annually  of  one  to  ten  young  in  each.  The  young 
usually  reach  adult  size  in  4  to  6  weeks  and  mate  when 
approximately  3  months  old. 

Control.  As  shrews  are  beneficial  in  most  situations, 
controls  rarely  are  applied.  However,  if  control  is 
indicated,  shrews  are  easily  trapped,  with  small 
mousetraps  set  in  runways  and  near  holes.  Meat  baits 
are  most  generally  successful. 

Exercises  (C20): 

Identify  these  statements  as  true  or  false.  Correct  any 
that  are  false. 

  1.  Shrews  belong  to  the  family  Insectivora. 


—  2.  Shrews  are  found  only  in  the  midwest. 
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  3,  Shrews  are  more  beneficial  than  harmful. 


  4.  The  short-tailed  shrew  is  poisonous. 


5.  Shrews  help  to  control  insects  and  mice- 


6  Shrews  can  hardly  be  distinguished  from 
mice 


control  of  these  animals.  When  rabies  or  other  diseases 
are  present,  you  should  get  help  from  the  State  health 
authorities,  y 

Exercises  (C2D: 

1.  Coyotes.  ,  and  other  predators  may  be 

found  on  large  military  reservations, 

2.  Predators,  such  as  coyotes,  are  reservoirs  for 


3.  At  times  animals  aircraft  arresting  barriers. 

4h  Predatory  animals  can  be  controlled  with  

and  poison  baits, 
5.  When  rabies  is  present  on  base,  as  an  entomology 

specialist,  you  should  get  help  from  the   


  7  Shrews  usually  live  where  humans  live. 


  8.  Shrews  are  very  active  and  very  belligerent. 


9.  Shrews  will  attack  snakes  or  mice  much  larger 
ihan  themselves. 


—  IG.  Shrews  breed  only  in  the  fall. 


 1L  Shrews  cannot  swim. 


  [2.  Controls  are  rarely  applied  to  shrews. 


C21.  Complete  given  statements  concerning  the 
importance  and  control  of  predatory  animals. 

Importance  and  Control  of  Predatory  Animals.  On 

large  military  reservations,  coyotes  (or  prairie\volves). 
foxes,  and  other  predators  may  find  sanctuary.  They 
may  leave  and  go  to  neighboring  farms  and  grazing 
areas  to  destroy  game,  beneficial  wildlife,  and  domestic 
animals.  Sometimes,  these  animals  are  reservoirs  for 
rabies  and  may  be  responsible  for  its  spread.  At  times, 
these  animals  damage  aircraft  arresting  barriers  and 
can  present  senous  hazards  to  aircraft. 

Predatory  animals  can  be  controlled  through  the  use 
of  (raps  and  poison  baits;  however,  they  should  not  be 
killed  without  prior  approval  of  the  command 
entomologist.  The  assistance  of  the  entomologist  and 
specialists  from  the  Department  of  the  Interior.  Fish 
and  Wildlife  Service,  should  be  obtained  for  the 


1-4.  Domestic  Animals 

You  will  sometimes  be  called  on  to  control  domestic 
animals  that  have  been  permitted  to  run  loose  and 
breed.  These  animate  can  be  a  serious  health  hazard  to 
other  animals  on  base  as  well  as  to  people, 

C2Z.  Identify  as  true  or  false  given  statements 
pertaining  to  the  Importance  and  control  of  domestic 
animals* 

Importance  and  Control  of  Domestic  Animals* 

Domestic  animals,  such  as  dogs*  cats,  and  horses  play 
an  important  role  in  almost  everyone's  life.  Almost 
every  housing  unit  on  Air  Force  installations  has  at 
least  one  dog  or  cat  and  often  there  will  be  more  than 
one  per  unit.  As  for  horses*  almost  every  large  Air 
Force  installation  hasa  riding  stable  so  that  Air  Force 
members  can  enjoy  horseback  riding. 

As  long  as  these  animals  are  properly  controlled  by 
the  respective  Owners,  they  present  no  problems,  but 
when  dogs  and  cats  are  allowed  to  roam  freely 
throughout  the  base  uncontrollable  multiplication 
results.  When  these  situations  occur,  you  have  an 
overabundance  of  semiwild  animals.  Thus,  there  is  an 
increased  potential  of  rabies  in  the  animals  on  base. 
The  animals  in  an  uncontrolled  state  can  transmit 
rabies  To  humans-  These  same  animals  serve  as  hosts  to 
the  medically  important  ectoparasites  such  as  fleas, 
ticks,  and  mites. 

The  owners  of  the  domestic  animals  have  the  overall 
responsibility  for  controlling  their  pets.  Owners  should 
confine  their  pets  by  fencing,  leashing,  or  keepingthem 
indoors.  They  must  insure  that  the  pets  have  been 
innoculated  against  rabies  and  that  innovations  are 
current. 

When  the  owners  do  not  meet  the  requirements  and' 
responsibilities  for  controlling  their  pets*  the  security 
police    must    become    involved.    Security  police 
personnel  may  catch  or  shoot  the  animals. 

Since  you  have  a  responsibility  tor  controlling  pests 
on  Atr  Force  installations*  you  may  be  required  to  rid 
an  area  of  stray  dogs  and  cats.  This  task  may  be 
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accomplished  by  using  traps  and,  in  extreme 
situations,  using  poison  baits  and  fumigants* 

Before  you  implement  any  control  measure- that 
might  injure  the  animals,  be  sure  that  you  have 
obtained  proper  approval  through  the  chain  of 
command. 

Exercises  (C22); 

Indicate  whether  each  statement  is  true  or  false. 
Correct  any  false  statements. 

—  I.  When  stray  animals  are  a  problem,  use  any 
means  you  feci  necessary  to  control  them. 


 2.  Almost  every  large  Air  Force  base  has  a  riding 

stable. 


—  3.  The  average  military  housing  unit  has  at  least 
one  domestic  animal 

 4.  Domestic  animals  allowed  to  run  loose  on  base 

can  transmit  rabies,  but  thai  is  the  only  real 
problem. 


Importance*  Bats  are  relatively  harmles"  animals  in 
themselves  and  may  be  considered  beneficial  through 
their  control  of  insects.  But,  from  a  medical 
standpoint,  bats  are  reservoirs  (and  occasionally 
vectors)  of  such  serious  human  diseases  as  rabies, 
relapsing  fever  (Borretia  sp*)t  Japanese  *BW 
encephalitis,  Chagas'  disease,  dermatomy coses,  and 
histoplasmosis. 

Bats  have  many  parasites,  and  most  of  these  will  feed 
on  humans.  Some  of  their  common  parasites  are: 
argasid  ticks;  mites  in  at  least  four  families;  bedbugs; 
bat  bugs;  and  "bat  ticks/1  which  are  flies  adapted  for 
parasitism, 

When  bats  invade  homes  or  buildings,  they  become 
nuisances  and  require  control.  Bats  normally  roost  in 
natural  shelters,  such  as  caves  and  hollow  trees.  Some, 
however,  live  in  attics,  spaces  between  ivalls,  or  any 
unused,  darkened  areas  well  above  ground,  From  these 
places.  Their  parasites  move  to  attack  people.  When 
bats  are  present  in  large  numbers,  they  create  an  almost 
overwhelming  ammonia  odor  resulting  from  urination 
and  defecation.  The  odor  persists  for  a  long  time  after 
the  roost  is  broken  up.  The  sounds  caused  by  these 
sometimes  restless,  crawling  animals  is  often 
disturbing  to  human  occupants.  While  bats  cause  no 
actual  damage  to  structures,  their  presence  is 
undesirable.  " 

Exercises  (C23): 


J.  List  the  undesirable  characteristics  of  bats. 


 5.  Animal  owners  have  the  responsibility  of 

controlling  their  pets  and  insuring  that  they 

have  been  innoculated.  2.  What  is  one  benefit  we  derive  from  bats? 


 6.  The  entomology  specialist  should  use  traps  to 

control  stray  dogs  and  cats.  Only  in  extreme 
cases  should  he  use  poison  bait. 


1-5.  Bats 

Although  bats  are  mammals,  then  habits,  their 
importance,  and  the  applicable  control  meth^s  are 
quite  different  from  those  of  the  mammals  you  have 
.already  studied.  This  section  gives  you  information 
pertaining  to  the  importance,  recognition  characters, 
*biology,  inspection*  and  control  of  bats. 

C23.  Ust  ihe  undesirable  characteristics  of  bats  and 
state  their  one  beneficial  feature. 

Bats  belong  to  the  order  Chiroplera*  They  are  found 
nearly  all  over  the  world.  Of  2000  species,  about  65  Iwe 
in  ihe  United  States,  Occasionally,  the  presence  of 
these  animals  creates  a  problem  for  military  pesi 
controllers. 


C24.  Distinguish  between  true  and  false  statements 
concerning  the  biology,  inspection,  and  control  of 
bats* 

Recognition  Characteristics  and  Biology.  Bats  are 
small,  fur-bearing  mammab  with  a  thin,  leathery  or 
membranous  skin  that  stretches  between  the  greatly 
elongated  bones  of  the  front  legs  and  "fingers,1"  They 
are  the  only  mammaJs  thus  equipped  to  fly.  Species  in 
the  United  States  are  small,  averaging  5.0  to  12.7  cm  in 
body  length,  with  a  wingspread  of  25.4  to  38*0  cm. 

They  are  nocturnal  animals,  leaving  their  roosting 
places  at  dusk  to  %  about  in  pursuit  of  the  night -flying 
insects  that  provide  the  bulk  of  their  food.  By  day,  they 
roost  in  dark,  sheltered  places. 

A  few  species  are  solitary,  but  most  congregate  in 
groups  or  in  colonies,  the  largest  of  which  may  number 
a  million  animals  or  more.  Some  bats  migrate  with  the 
change  of  seasons*  following  a  steady  source  of  food 
supply. 

In  the  temperate  regions,  the  young  bats  are  born  in 
the  late  spring.  In  the  tropics,  there  appears  to  be  no 
definite  breeding  season,  and  young  may  be  found  in 
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every  month  of'thc  year,  though  most  females  bear  but 
one  offspring  pcrycar. 

Most  bat*  feed  almost  entirely  on  insects,  and  some 
species  have  been  reported  to  consume  from  one-half  to 
their  full  body  weigh!  in  insects  per  day.  A  few  species 
feed  on  fruits,  nectat,  and  fish,  and  some  (vampire  bats) 
feed  on  blood. 

Inspection.  You  can  observe  bats  easily  when  they  are 
flying  at  dusk.  You  can  find  roosting  locations  by  looking 
for  great  numbers  of  bats  beginning  their  evening  night. 
Vou  can  determine  the  presence  of  bats  in  buildings  by 
the  odor  created  or  by  the  scratching  and  squeaking  noise 
made  as  the  bats  begin  and  end  their  nocturnal  flights. 

Control.  In  many  cases,  you  can  control  bats  through 
the  use  of  napthalene  or  paradichlcro benzene,  two 
compounds  used  as  insect  repellants.  Three  to  5  pounds 
of  napthalene  flakes  scattered  liberally  over  the  entire 
area  should  treat  the  average  attic.  The  odor  is  apparently 
extremely  offensive  to  the  bats  because  they  begin  to 
leave  immediately  in  broad  daylight,  In  large  areas  with 
free  ventilation  to  the  outside,  both  compounds  dissipate 
rapidly:  therefore,  you  must  replenish  them  at  frequent 
intervals. 

Another  effective  repellant  combines  oiJs  of  mustard 
and  sassafras  with  an  emulsifier  and  water.  Spray  this 
mixture  on  all  roosting  sites.  It  is  usually  good  for  several 
months.  You  can  prepare  the  repellent  by  mixing  one 
part  each  of  the  two  oils  and  the  emulsifier  with  97  parts 
of  water. 

Bats  are  quite  persistent,  and  it  is  often  difficult  to 
dislodge  all  members  of  the  colony  fron  an  oldi 
established  roost.  Also,  new  bats  are  attracted  by  the 
odors  left  by  the  recently  departed  guests.  For  this 
reason,  batproofing  is  an  extremely  worthwhile  measure 
following  the  use  of  repellents. 

Bats  may  enter  buildings  through  such  openings  as 
unprotected  louvres  or  vents,  broken  windows  and 
siding,  and  around  eaves  or  cornices.  The  smaller  species 
of  bats  can  crawl  through  an  opening  as  small  as  3/ 8  inch, 
The  larger  openings  should  be  covered  with  sheet  metal 
or  with  1/4-inch  mesh  hardware  cloth  if  ventilation  is 
necessary.  It  is  essential  that  no  openings  larger  than  1/4 
inch  be  left.  Plug  narrow  cracks  with  oakum,  tow,  or 
similar  packing  material  and  seal  them  with  caulking 
compound.  Inspect  all  old  siding  and  baseboards  to  make 
certain  that  you  haven't  overlooked  any  alternate 
entrances.  Be  sure  that  all  bats  are  out  of  the  building 
before  you  complete  the  exclusion  pleasures.  Normally* 
during  the  warmer  months  when  bats  are  active,  alt  of  the 
bats  leave  their  roost  within  15  to  20  minutes  after  the 
first  one  starts  out.  If  they  have  been  disturbed,  however, 
their  normal  routine  may  be  upset.  Thus,  you  should 
leave  open  one  or  two  of  the  most  used  openings 
temporarily.  After  the  last  bat  has  left  the  roost  for 
feeding,  close  the  remaining  openings.  If  a  number  of  ^ 
entrances  have  been  used,  let  2  or  3  days  elapse  before  you 
close  the  last  entrance  in  order  to  allow  all  the  bats,  to 
learn  to  use  this  last  opening.  If  you  have  overlooked. any 
entrances,  the  bats  soon  will  find  them.  For  this  reason, 
you  must  watch  the  building  closely  at  dusk  for  several 
evenings  to  sec  whether  the  bats  gain  entrance  through 
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any  overlooked  holes. 


In  cases  in  which  repellents  and  batproofing  do  not 
prove  satisfactory*  you  may  have  to  destroy  the  bats  by 
fumigating  their  roost.  It  should  be  emphasized  that  then 
are  several  disadvantages  connected  with  this  type  of 
control.  The  cost  oftimcand  Labor  may  be  high  to  control 
a  small  number  of  animals.  Anothefdisadvantage  is  that 
the  gas  kills  the  bats  as  they  hang  in  repose,  you  can't 
retrieve  many  carcasses.  These  bodies  decompose,  giving 
an  offensive  odor.  Finally,  fumigation  gives  no  lasting 
control,  As  soon  as  the  gas  has  dissipated*  the  roost  is 
ready  for  occupancy  once  again.  Batproofing  should 
immediately  follow  fumigation. 

If  you  have  received  approval  ftom  the  command  ento- 
mologist, you  can  apply  DDT  in  the  roost  area  that  will 
kill  bats  after  2  to  3  weeks  exposure.  Youcan  apply  it asa 
dust  or  a  spray,  One  pound  of  the  75-percent  wet-table 
powder  per  gallon  of  water  makes  a  suspension  suitable 
for  use.  It  is  important  that  the  treatment  be  thorough 
and  that  you  spray  or  dust  all  entrances  and  exits. 

Exercises  (C24): 

Indicate  whether  the  following  statements  are  true  or 
false.  Correct  any  false  statements. 

-     I.  Bats  arc  small,  fur-bearing  mammals. 


2.  Bats  leave  their  roosting  places  at  dawn  in 
pursuit  of  food. 


3.  When  you  inspect  for  bats,  you  can  see  them 
easily  at  dusk  as  they  fly. 


4.  It  is  easy  to  dislodge  all  members  of  a  bat  colony 
from  an  established  roost. 


5.  Bats  can  be  controlled  by  using  some  insect 
repellants. 


6.  Fumigation  of  bats  gives  lasting  control. 


7.  Bats  are  one  of  the  few  mammals  equipped  to 
fly. 


8.  Most  bats  feed  on  blood 


9  The  odor  of  napthalene  offends  bats, 
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10.  A  new  colony  of  bats  is  usually  repelled  by  trie 
(Kjor  or  other  bats  in  a  roosting  place. 


  II.  DDT  will  kill  bats. 


1*6.  P*tt/HazQfdout  Bird  Sp*ci*t 

East  year  the  U.S.  Air  Force  loses  millions  of  dollars 
and  hundreds  or  work-hours  in  maintenance  because  of 
damage  to  aircraft  and  equipment  caused  by  birds.  These 
losses  result  from  bird  strikes  to  aircraft  and  from  bird 
droppings  and  nesting  materials  in  and  around  air  base 
structures  and  equipment.  The  seriousness  of  this 
problem  and  the  potential  health  hazards  caused  by  birds 
in  certain  situations  require  pest  bird  management 
procedures  for  each  airdrome  environment.  Bird  control 
in  the  airdrome  environment  can  be  a  complex  problem. 
However/ simple  procedures  often  can  be  started  and 
continued  on  a  regular  basis  to  greatly  reduce  pest  bird 
problems. 

People  have  always  been  fascinated  with  birds,  par- 
ticularly with  their  ability  to  fly.  This  fascination  did  not 
lead  to  an  understanding  of  birds  and  their  importance 
until  recent  times.  Even  when  birds  were  recognized  as  an 
important  food  source*  we  hunted  some  species  so 
extensively  that  we  contributed  to  their  elimination.  Our 
failure  to  understand  the  role  that  birds  play  in  nature 
also  has  destroyed  their  habitat  and  damaged  the 
environment  to  the  extent  that  some  species  have  been 
eradicated  totally,  while  others  are  near  extinction.  At 
the  same  time,  some  species  have  either  benefited,  from 
habitat  changes  or  have  adapted  to  living  near  humans. 
Many  of  these  species  multiplied. and  some  that  formcriy 
were  limited  in  their  range  are  new  found  nearly 
worldwide.  As  the  importance  of  birds  became  apparent 
and  we  began  to  understand  our  impact  on  birds  and 
their  populations,  the  protection  and  management  of 
birds  gained  new  emphasis.  Laws,  ircaties,  and  regula- 
tions were  established  to  protect  birds  and  to  ensure  that 
they  would  be  maintained  as  important  natural 
resources,  At  first  these  laws  concerned  only  game 
species,  but  now  almost  all  of  the  birds  in  North  America 
are  protected  by  a  ni'mber  of  laws,  treaties,  and  regula- 
tions. The  pest  manager  (PM)  must  be  aware  of  the  legal 
protection  thai  has  been  given  to  birds.  Any  bird  control 
program  must  comply  with  applicable  regulations  and 
should  be  coordinated  with  the  appropriate  local,  State, 
and  Federal  wildlife  authorities. 

The  information  contained  herein  provides  back- 
ground information  needed  by  a  base  PM  to  contain  or 
eliminate  real  or  potential  pest  bird  problems.  Each  PM 
should  know  and  understand  the  basic  principles  of  bird 
biology  and  behavior  as  they  affect  bird  control  and  to 
choose  the  most  appropriate  control  technique  for  the 
situation  ai  hand. 


C25*  Define  gtvcfiv  terms  relating  to  effective  bird 
mantfemenl.  y 

Definition  of  Termi-  The  following  terms  are  used  in  % 
relation  to  effective  bird  management. 

Bird  damage.  Bird  damage  results  when  material  or 
equipment  is  damaged  as  a  resuJfr of  bird  activities.  There 
is  a  distinct  difference  between  a  bird  nuisance  and  bird 
damage.  For  example,  a  few  noisy  house  sparrows 
around  an  office  building  may  appear  to  be  a  problem, 
but  only  may  be  an  annoyance  to  workers.  Bird  damage 
occurs  when  the  sparrows  build  nests  in  t^ie  building, 
leaving  corrosive  droppings  or  holes  in  screening. 

Bird  damage  controi  Bird  damage  contro Necks  to 
reduce  the  potential  for  damage  caused  by  biros.  Bird 
hazard  control  attempts  to  reduce  the  health  or  safety 
hazard  potential.  The  term  "bird  control'1  sometimes 
includes  the  control  of  both  damage  and  hazards.  The, 
objective,  however,  is  to  reduce  the  damage  and  the 
hazards  that  birds  can  cause,  rather  than  to  control  the 
birds. 

Bird  hazard.  A  bird  hazard  exists  when  birds  represent 
a  potential  threat  to  health  or  safety.  Concentration 
should  be  emphasized  on  bird  hazards,  rather  than  bird 
damage.  In  and  near  an  airdrome  the  bird/ aircraft  strike 
hazard  is  frequently  serious,  and  reducing  this  hazard 
becomes  the  most  important  task  of  the  PM. 

Bird  management*  Bird  management  depends  on 
changing  the  characteristics  and  interactions  of  birds, 
habitat,  and  man  to  achieve  human  goals.  It  refers  to 
everything  man  does  deliberately  to  affect  birds,  whether 
to  encourage  or  discourage  them  from  a  given  area,  or  to 
increase  or  decrease  their  populations. 

Bird  strike.  Bird  strikes  (contact  between  a  bird  and  a 
moving  aircraft)  causes  losses  of  lives  and  equipment, 
with  even  minor  bird  strikes  resulting  in  thousands  of 
dollars  in  annual  repair  costs.  Bird  strike  hazards  also  can 
interrupt  base  missions.  Aircraft  collisions  with  birds  are 
the  most  serious. problem.  Bird/aircraft  strike  problems 
can  occur  during  the  takeoff,  en  route  or  landing  phases' 
of  flight  and  are  hazardous  particularly  during  the  low- 
level  phase.  The  hazards  during  takeoff  and  landing  are 
the  main  concern  of  the  PM.  Therefore*  control  of  bird 
activity  on  or  near  the  airfield  is  your  responsibility. 

Pest  bird.  A  given  bird  may  be  beneficial  or  injurious  to 
man's  interests,  depending  on  its  activities  at  a  specific 
time  and  place.  The  term  "pest  bird"  refers  to  an 
individual,  flock,  or  population  causing  economic 
damage  or  creating  a  health  or  safety  hazard  by  its 
activities  at  a  given  time  and  place.  Certain  species  may 
become  involved  in  hazardous  or  damaging  situations 
more  frequently  than  others  because  of  their  behavior 
patterns  or  habitat  requirements. 

Exercise  (C25); 

I.  Match  given  definitions  with  the  appropriate  term. 
Some  definitions  may  not  be  defined,  and  there  is  only 
one  ^best"  match  for  each  term. 
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Bird  control. 
Bird  damage. 
Bird  damage  control 
Bird  hjuirfj. 
Bind  hazard  control. 
Bird  mirngcmcru. 
Bird  miriagcmcru. 
Pcsi  bird. 


Ml  Any  bird  thai  is  causing  damage  a. 

or  creating  a  hazard  bv  l|s  h 

^Prsitic  atm  it>  < 
(2)  A  danger  Ui  hcallh  or  safcis  J, 

caused  by  birds,  e 
I  ?)  Ftomimic  trm  caused  H>  pest  f. 

birds  g 

Anything  done  deliberately  u>  h. 
.affect  bird* 
1 5f  Bird  management  in  tohich  the 

spcuttc  goal  is  hp  minimize  the 

potential  for  damage, 
[ft)  An)  contact  between  a  bhd 

and  a  moving  aircuft 


C25a(C37  —  for  CE  feedback  reference  only).  Identify  as 
true  and  false  given  statements  pert  aining  to  bird  habits 
which  eonflkt  with  mam  and  feeding  habits  of  various 
bird  specie*:  amend  the  false  statements. 

Bird  Habitat.  Each  bird  species  has  habitat  require- 
ments which  determine  where  the  bird  will  nest,  roosi, 
and  feed,  Pest  bird  problems  often  result  from  environ- 
mental situations  which  produce  attractive  habitats  for 
large  tjird  populations  of  a  single  species  (a  building  with 
abundant  roosting  area  for  pigeons),  or  habitat  that 
attracts  large  bird  populations  of  different  species  (care- 
lessly harvested  grain  crops  attracting  large  flocks  of 
blackbirds  and  starlings).  Marshes,  pine  plantations* 
grasslands,  and  wooded  areas  are  examples  of  natural 
habitats.  Buildings  with  accessible  girders,  short  grass  on 
an  airfield,  and  ornamental  trees  planted  close  together 
arc  examples  of  manmade  habitats.  You  must  learn  to 
recognize  These  conditions.  The  advice  of  local  wildlife 
authorities  or  State  and  Federal  agencies  often  can  be 
helpful  in  assessing  thrte  situations- 

Rootling  A  roost  is  where  birds  congregate  at  night,  in 
bad  weather,  oral  other  times  when  they  are  not  feeding. 
You  usually  will  be  concerned  with  birds  that  roost  in 
large  flocks.  Gulls  that  roost  on  the  ground  during  the 
day  nr  night  can  become  pest  problems  as  can  large  flocks 
ot  blackbirds  swallows,  or  other  small  birds  that  roost 
usually  in  large  concentrations  during  the  night.  The 
areas  where  birds,  such  as  gulls,  ducks,  and  geese*  roost 
during  da>light  hours  when  they  are  inactive  are  called 
loafing  areas,  The  type  of  habitat  chosen  for  roosting 
depends  un  the  habitat  preference  of  the  birds.  The  roost 
site  usually  provide*  protection  from  weather  and 
predators.  Plantings,  such  as  ornamental  evergreens 
around  buildings,  often  provide  shelters  and  become 
r (imting  sites.  Short  grass  on  the  airfield  offers  the  birds 
protection  from  predators  by  allowing  an  unobstructed 
tield  ot  vision.  Such  situations  often  can  be  controlled 
with  appropriate  grounds  maintenance  procedures,  Even 
if  the  roosting  site  is  some  distance  away  from  potential 
bird  strike  hazards,  the  pathway  birds  use  to  enter  or 
leave  the  most  mav  create  a  problem.  In  such  a  case, 
rrdujinc  the  «i'.raci:vene\s  oi  the  rnou  site  is  srusrc 
^ikviivc  than  muia  to  a  her  the  romes  that  birds  u*>e  ti> 
L*mer  i»t  tca^tf  inc  most  Species  that  t>picall>  roost  on  or 
m   iTiuhiiiiii.*'    .ii iu  ulios   are   ul    puHKUlar  Concern 


Domestic  pigeons,  starlings,  and  house  sparrows  find 
suitable  roosting  areas  on  Ledges,  rafters*  and  other 
structures  that  give  them  protection  from  harsh  weather 
and  predators,  The  latter  two  species  also  will  roost  or 
nisi  in  enclosures  of  aircraft,  Whenever  possible,  you 
should  reduce  the  attractiveness  of  such  roosting  areas  to 
these  birds. 

Feeding,  it  a  food  source  is  related  directly  (o  bird 
control  problems,  control  of  the  food  source  may  be 
easier  and  more  effective  than  direct  control  of  the  birds, 
Food  and  feeding  habits  of  birds  vary  with  species, 
season,  and  availability  of  particular  food  items,  Several 
terms  describe  birds  according  to  the  type  of  food  that 
they  consume,  An  insectivorous  bird,  such  as  a  swallow^ 
feeds  primarily  on  insects.  Carnivorous  birds,  such  a& 
hawks  or  owls,  are  meat-ealers,  feeding  mainly  on  other 
birds,  mammals,  reptiles,  amphibians,  or  fish.  A 
herbivorous  bird,  such  as  adovct  feeds  on  plant  material, 
A  herbivore  that  feeds  mainly  on  seeds  and  grains  often  is 
referred  to  as  granivorousr  Many  species  are 
omnivorous;  that  is,  they  feed  on  both  plant  and  animal 
foods.  The  common  crow  and  starling  are  good  examples 
of  omnivores,  Crows  consume  fruits*  grains,  insects, 
young  birds  or  bird  eggs,  reptiles,  frogs,  small  mammais, 
carrion,  and  discarded  human  food,  The  starling,  which 
feed  on  insects,  fruits,  grains,  and  seeds,  also  is  k  nown  for 
feeding  on  garbage  in  and  around  towns  and  cities.  Gulls 
are  also  a  well-known  omnivorous  species. 

Several  of  these  terms  may  apply  to  a  single  species, 
depending  on  time  of  year  or  rood  availability.  For 
example,  during  the  nesting  season  the  diet  of  red-winged 
blackbirds  consists  largely  of  insects  white  during  the 
winter  months  they  arcgranivorous,  Jf  weed  seed  avail- 
ability is  good,  icd-winged  blackbirds  consume  large 
quantities  of  ragweed,  bristle-grass,  panic  grass,  or  other 
seeds  during  the  summer.  This  feeding  habit  makes  these 
birds  beneficial  to  farmers  during  t*he  summer  months.  In 
addition  to  weed  seeds,  however,  they  often  consume 
large  quantities  of  corn*  oats,  wheal,  sunflowers,  barley* 
and  rice,  thus  becoming  farm  pests. 

Some  species  are  referred  to  as  scavengers,  f  hescbtjds 
feed  on  the  remains  of  plants  and  animals,  Carrion  eaters 
such  as  vultures  are  scavengers,  as  are  those  omnivores 
that  feed  on  dead  plants  and  animals  and  on  garbage. 
Gulls  and  crows  associated  with  garbage  dumps  and 
landfills  are  scavengers  and  can  become  serious  pests 
when  dumps  and  landfills  ate  located  near  airfields, 

Feeding  flocks  or  individual  birds  may  pose  a 
bird,  aircraft  strike  ha?ard,  Species  that  teed  on  the 
ground,  among  vegetation,  or  on  bodies  of  water  may 
pose. a  problem  as  they  move  to  and  from  a  Ice  ding  area. 
Aerial  feeders  such  as  swallows  can  present  a  pest  bird 
problem  when  feeding  in  the  airdrome  environment, 
Terns,  kingfishers,  ospreys,  and  kestrels  can  pose  a 
problem  because  they  often  hunt  their  prey  by  flying  or 
hovering  o\er  a  reeding  area.  Knowing  the  feeding  habits 
of  birds  may  be  helplu1  *n  determining  u  a  lood  source  js 
thir  direct  cause  s>l  the  problem  Yon  must  determine 
caret  ullv  it  u  pc:.i  bud  species  u  te^iimg*  since  methods 
used  toijonttol  feeding  tl*u  ks  m.^  he  quite  ditterens  train 
those  used  tu  ujuu  "I  -  Mi^i.nir  ii^ck  ■»  lU  direct  observa- 
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lion  you  should  be  able  to  determine  whether  a  bird  or  a 
Flock  of  bird*  is  feeding!  roosting  loafing,  or  nesting. 

Learning.  Another  important  concept  of  bird  behavior 
is  the  ability  of  birds  to  learn.  Learning  results  from 
experience,  practice*  trial,  and  error.  For  example,  a  bird 
may  learn  to  find  food  at  a  certain  Location  through 
experience;  that  is.  the  bird  has  found  food  at  that 
location  in  the  past /Furthermore,  through  practice  or 
through  trial  and  error,  the  bird  may  learn  how  to  remove 
food  from  a  container  at  that  location.  Bird  species  differ 
in  their  ability  to  learn. 

Habituation.  Habituation  is  a  type  of  learning  defined 
as  the  declining  response  to  a  simple  stimulus  because  no 
reward  or  punishment  k  associated  with  the  stimulus. 
Simply,  the  bird  gets  so  accustomed  to  a  specific 
condition  that  it  no  longer  reacts  to  that  condition,  A  bird 
initially  frightened  away  by  the  presence  of  a  human 
being  may  soon  become  tame  if  the  presence  ut  the 
human  being  (the  stimulus)  docs  not  rcsuit  in au>  danger. 

Habitation  is  extremely  important  to  >ou  because  tt 
can  affect  many  pest  control  methods.  At  first.  deviccM 
used  to  repel  birds  with  sharp  Joud  noises  are  often  quit? 
effective.  The  birds,  react  to  the  loud  norse  and  arc 
frightened  away.  After  some  time,  however*  the  birds* 
reaction  to  the  noi^  decreases  because  they  d0  nol 
associate  the  noise  with  an>  punishment  Using  repuMun 
techniques  in  conjunction  with  occasional  real  danger 
(such  a*  live  ammunition)  can  prevent  birds  from  boom- 
ing habituated  to  a  particular  technique.  Control 
techniques  will  be  discussed  in  length  later  in  this  section. 

Exercls«(C25a>; 

Indicate  each  true  statement  and  correct  anv  false  one:* 


1 .  Nesting,  roosting,  and  feeding  arc  determined 
within  each  bird  species  by  habitat  require- 
ments. 


7.  Domestic  pigeons 
closures  of  aircraft 


will  roost  or  nest  id  cn- 


8.  Control  of  a  food  source  may  be  easier  and 
more  effective  than  direct  control  of  the  bird  if 
a  food  source  is  related  directly  to  the  control 
problem. 


9.  Food  and  feeding  habits  of  birds  arc  the  same 
with  species,  season,  and  availability  of  food 
items. 


10.  Hawks  and  owls  are  well  known  as  carnivorous 
type  birds. 


It,  During  the  nesting  season,  the  red-wrnged 
blackbirds  diet  consists  largely  of  grains. 


12.  The  weed  seed  feeding  habits  of  the  red-winged 
blackbird  is  beneficial  to  farmers. 


.  1  \.  feeding  flocks  of  birds  pose  no  threat  as  a 

bird; aircraft  strike  hazard. 


14.  OmPic>m  and  kestrels  can  pose  a  problem 
because  they  hover  over  a  feeding  area  hunting 
their  prey. 


15   A  birds  ability  to  learn  is  the  same  in  all 

species. 


2,  Short  ijrasis  on  an  airfield  and  ornaiTicntdl  trees 
planted  close  logethei  are  example*  ol  natural 
habitat;., 


I*V  lUhituittLon.  a  type  of  learning*  is  the  increas- 
ing response  10  a  simple  stimulus  with  no 
punishment  associated  with  that  stimulus. 


?.  You,  the  pest  manager,  usuatlv  *il!  he  con- 
concerned  with  birds  that  roost  in  Miiad  ilnckn* 


,  _  I  /,  Habituation  is  extremely  important  because  it 
can  at  feci  pest  control  methods. 


4,  Roontuiii    habits  depends   urt   ihc  huhit^i 
preference:  ^1  the  bud  species 


5  Short  grass  on  airfields  offers  bird  Protection 
from  predators  through  an  unobstructed  lielJ 
of  vision 


r>    SpiXLL's  ol  birds  ;h,tl  KpICulU  iiiw|  in  n*  mi 
natural  hiibiiniN  u*-  .u  pnHu  ci  ti  io 

vou. 


C25h  (O*  —  fur  CE  feedback  reference  only).  Identify 
given  Mitalumica]  parts  of  birds  and  match  topographical 
characteristic*  to  a  particular  bird  species. 

Importance  of  Identification.  Because  of  differences  in 
hahii.it  requirements  and  behavior*  various  groups  and 
spcucs  nt  biid^  cieat*  diUerent  types  of  pest  problems. 
Hi  ids  diik'i  m  iheir  response  to  a  given  control  measure. 
An  ci in  ti\c  tf  ttfth'Uv,  )n\  uric  species  may  be  useless,  or 
tun  iik^ii  iw]  %. oiiti oiktn^  arU)thcj>  1  hu>,  ii  is  extremely 
inipotiuiii  tu  f?iLL^Tl;,  lucntd;*  the  birds  causing  the 
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problem  (the  ui^ti  torueO  ncloip.  brgmmny  any 
management  or  control  Tncusuies,  Proper  identitication 
tii"  ni>nurgct  vpectes  a\s\>  \>  newotau  to  evaluate  ihc 
potential  for  undesirable  ciHiacuUirnLii  ot  a  hird  control 
measure, 

Bird  Topography  \ he  hntlv  uf  u  bird  can  be  diuikd 
into  Logical  sections:  head,  trunk,  wings,  and  tail.  I:ach  oi 
these  sections  has  a  number  of  parts  with  which  you  must 
he  familiar  in  order  to  provide  pit»pt:r  hud  idcntilkatuin 
ifead.  The  head  nl  a  bird  includes  the  neik.  bill,  lore- 
head,  ciown.  nape,  lores,  chin,  and  throat.  The  dorsal 
(tap)  portion  of  the  head  and  neck  is  divided  into  the  fore- 
head,  crown,  and  nape.  I  he  portion  of  the  head  between 


in 

the  bast  at  the  bill  and  an  imaginary  line  between  the  eyes 
is  the  forehead,  The  top  of  the  head  to  the  base  of  the  skull 
is  the  crown.  The  nape  or  hind  neck  is  the  portion  of  the 
neek  that  Lies  between  the  crown  and  the  back.  The  side! 
and  undersides  of  the  head  have  four  major  divisions. 
The  lores  are  *mall  area*  located  behind  the  base  of  the 
bill  and  anterior  lo  (in  front  of)  the  eyes.  The  side  of  the 
head  from  the  base  of  the  lower  portion  of  the  bill  to  just 
Tic  hi  nd  the  eye  is  the  cheek.  The  chin  is  the  small  area  that 
lies  between  the  torks  of  the  base  of  the  lower  half  of  the 
bill,  and  the  portion  of  the  neck  below  this  area  i&  the 
throat,  Th  is  is  all  well  illustrated  in  figure  1-9. 


J  he  bill  or  IhmK  is  <>1tcn  die  moii  tunable  suuciurcon  a 
tord  Hi  rmciftg  ihe  st/e  and  shape  of  u  brrd\  brll,  voucim 
Win  a  yrcut  deal  about  the  bird,  incLudu.^  ihc  type  of 
l-Mul  i hiii  the  bird  cats  and  its  mude  ol  feeding.  When  you 
uil  the  mode  nt  leading  to  aid  in  the  idennikatum  of  □ 
bid<i,  bill  characteristics  %v i L L  be  important,  You  must 
iifu^s  observe  li  the  bill  is  long,  sooru  fi<jokcd,  cursvd, 
wider  than  it  is  high,  or  distinctive  in  am  other  wa>*  js 
sruiun  in  tiiturc  Mh    I  he  shape  of  (he  bill  inJjvaitfs 


whether  (he  bird  feeds  by;  t\)  probing  as  would  be 
Indicated  by  the  (ubuter  bilh  of  jiandpiperH,  (2)  fearing  as 
woukJ  be  indicated  by  ihc  hooked  bill  of  a  hawk,  or  (3) 
teed-tfUing,  as  would  be  indicated  by  ihe  strong  conical- 
shaped  bills  of  many  sparrows,  In  sortie  birds  ihe  upper 
portion  ol  the  bill  has  a  prominent  fleshy  base,  This 
structure  is  called  the  cere  and  Is  found  an  birds  such  as 
hawk*,  pigeons,  and  doves  <fig>  1-10).  The  presence  of 
this  structure  may  help  you  lu  identify  bird  specimens. 
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Slender 
pigcom 


Depressed  or 
Fletteriftd 

due  hi 


Acute  Or  Pointed 

blackbird* 


StOul 
herring  gull 


Tubular  or  Probing 

woodcock*  *r>d  a(h»f  undpipcr* 


ConiC3t 
home  *p*"f*  anrf 


Hooked 
hawk»  and  otht*  ll*sh  talvrv 


>  i;urc  1  Hi    1  -,         hi i  a  hill  ^rupc^ 
2Sc 
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Trunk.  1  he  upper  portion  o  ul>  or  trunk  i* 

divided  into  the  back  and  the  rump.  The  back  is  (he 
interior  two-thirds  of  the  Upper  pofiionof  the  trunk.  Thr 
rump  if  the  remaining  area  extending  from  the  back  in 
the  bate  of  the  tail.  The  under  part  of  the  bird'*  trunk  u 
divided  into  the  breait,  abdomen,  side*,  and  flanks.  The 
side*  apj  flanks  arc  the  area*  just  under  the  wing*>  The 
breast  it  the  anterior  rounded  portion  of  the  underside, 
while  the  abdomen  or  belly  is  ihe  flatter  ponton  around 
and  between  the  legs  of  the  bird. 

fftJtffj.  Although  Ihe  wing  feathers  of  a  bird  are 
divided  into  many  groups,  only  a  few  feather  groups  or 
wing  areas  are  used  repeatedly  in  bird  identification. 
These  feathers  or  areas  include  the  primaries*  second- 
aries, speculum,  covens,  scapulars,  and  wing  linings.  The 
flight  feathers  are  composed  of  the  primary  and 
secondary  feathers.  The  primary  feathers  are  those  longer 
feather*  composing  the  end  of  the  wing  which  allow  the 
bid  to  fly  forward.  These  feathers  are  attached  io  'he 
manus  (hand)  of  the  bird.  The  secondary  feathers  are  the 
inner  flight  feathers  and  are  responsible  mainly  for  lift, 
acting  with  the  forward  portion  of  the  wing  much  like  an 
airplane  wing.  These  feathers  are  attached  to  the  ulna 
(forearm |  of  the  wing.  Often  the  secondary  feathers  of 
birds,  sutfb  as  ducks,  have  a  color- patrerned  area  known 
as  ihe  speculum.  The  majority  of  the  smaller  teachers  on 
the  wing  are  known  as  coverts.  Covert  feathers  overlie  the 
base  of  the  primaries  and  secondaries  and  cover  the 
remainder  of  the  wing.  The  feathers  of  ihe  shoulder  area 
are  covert  feathers  known  as  the  scapulars.  The  wing 
lining  consists  of  the  covert  feathers  on  the  underside  of 
the  wing.  On  Ihe  upper  surface  of  th^ving,  the  edges  of 
the  scapulars  or  a  row  of  coverts  often  are  lipped  with  a 
color  that  is  different  from  the  surrounding  feathers  and 
will  appear  as  wingbars  as  the  bird  is  sitting.  A  wing  stripe 
aho  can  be  seen  in  some  birds  when  the  bases  of  the 
secondary  and/ or  primary  feathers  are  lighter  in  color 
than  the  lips  of  the  feathers.  Noting  ihe  shape  of  a  tjfrfs 
wings  also  can  help  identify  a  bird  species.  Typical  *  ing 
shapes  are  illustrated  in  figure  l-M. 

Tail  The  tail  of  a  bird  consists  of  the  prominent  tail 
feathers  and  the  tail  coverts.  The  large,  conspicuous  flight 
feathers  of  the  tail  are  used  as  a  rudder  to  steer  and  when 
spread  act  as  a  brake  to  slow  the  bird's  flight.  Tail  shapes 
vary  and  can  be  used  as  identifying  characters  (fig.  Ul  I), 
Some  birds  may  have  colored^spcisjiear  the  lips  of  the 
ourermosi  tail  feathersi  and/tnese  tail  spirts  often  are  used 
in  identification.  The  upper  tail  coverts  tie  above  the  base 
of  the  tail  feathers  and  art  not  disringuished  easily  from 
the  rump.  The  under  tail  f  ovens  are  located  arrhe  base  of 
the  underside  of  the  taiKand  are  known  collectively  as  the 
crissum.  \jS 

Legs  and  Jeex.  Noting  the  shape*  size,  and  color  of 
bird*' legs  and  feet  can  be  useful  in  Held  identification  of 
some  larger  birds.  Although  these  structures  are  difficult 
sometimes  to  determine  as  field  marks  on  smaller  birds, 
rhe  legs  and  feer  help  idennfy  in-hand  b<roV  Scale  and 
webbing  patterns*  shape  of  [eg  cross  sections,  toe 
placement!  and  the  shape  of  the  nail  or  claw  are  all 
important  identifying  characters.  Often  bird  remains  can 
be  identified  using  only  the  fool  of  the  bird 


I  ilven  mm* 


C  ommon  Pm!  Bird*-  In  ordrr  1c*  idrnlifvenrrTmon  prst 
bird*  anil  select  effective  control  mea*urrv  the  fallowing 
tie  scti  pi  mm  jod  characterise*  *houid  be  carefully 
noted,  The  most  troublesome  peat  birds  are  gulls*  pigeons 
and  rockdoves,  house  sparrow**  starlings,  and  various 
typej  of  blackbirds. 

Guth,  Ciulls  are  a  group  of  large  ahore  bird*  with  long 
Pointed  wings,  usually  square  tails*  strong  hooked  mMv, 
and  we  h  bed  feet  Many  ipeeies  are  simitar  in  appearand, 
and  field  identification  requires  practice  Vou  should 
note  carefully  field  marks  such  as  leg  color  color  parterm 
on  back,  head*  and  wing  tips,  and  the  size  of  the  bird 
relative  to  a  known  Species. 

Domestic  pigeon  or  mckdvvt.  The  domestic  pigeon 
apparently  developed  from  rhe  rock  dove  of  Europr 
Asia,  and  Africa  and  was  introduced  to  this  country  a*  i 
domestic  bird  rapid  growth  gave  rise  to  the  wild  (<">■" 
feral)  populations.  The  habitat  of  the  wild  pigeons  was 
rocky  cliffs;  the  artificial  cliffs  created  by  buildings 
provide  appropriate  habitat  for  the  feral  pigeons.  They 
are  almost  entirely  dependent  on  the  habitat  humans 
have  built.  Domestic  pigeons  are  a  common  bird 
towns,  cities,  farmvards,  and  other  areas.  Pigeon*  of 
North  America  vary  greatly  in  color  and  even  in  si/*- 
Various  color  pattern!;  of  gray,  black,  white,  and  brown 
are  common.  Most  types  are  plump  birds  with  pointed 
wings  and  a  square  tail.  Pigeon  activities  frequently 
conflict  with  our  interests.  / 

Hou\e  sparrow,  fhis  particular  bird,  often  called  the 
English  sparrow,  is  not  a  true  sparrow;  but  is  a  small 
weaver  finch  introduced  from  Europe  into  North 
America.  The  house  sparrow  is  very  aggressive*  has  very 
few  natural  enemies  and  has  found  abundant  habitat 
Associated  with  buildings  and  other  manmade  structures. 
Its  mes&y  hahin  are  objectionable,  and  species  has 
[»utmaneuvered  more  desirable  native  songbirds  for  the 
available  habitat.  Adult  males  have  a  gray  crow,  black 
chin  and  upper  throar*  light  gray  lower  breast  and  belly* 
whire  cheek*  and  b.own  back  and  wings.  Females  and 
immature  birds  ate  dull  brown  with  a  tan  srripc  above  the 

eye- 

Starting.  Starlings,  another  introduced  species*  are 
similar  somewhat  to  rhe  blackbirds  wirh  which  it  often 
roosts  and  flocks.  Spring  birds  have  a  bright  yellow  bill 
and  a  green  and  purple  iridescence  to  rheir  dark  plumage. 
En  fall  the  adult  plumage  becomes  spotted  wirh  white,  and 
the  bill  turns  dark  gray.  The  short  tail  and  pointed  wings 
are  good  field  marks,  especially  for  the  drabi  gray, 
immature  birds.  Because  of  the  absence  of  natural 
enemies  and  other  natural  checks,  the  starling  has 
increased  rapidly.  This  adaptable  and  aggressive  bird  has 
prevailed  over  native  birds  in  rhe  struggle  for  available 
habitat  and  has  found  abundant  nesting  and  roosting 
sites  in  our  cities*  where  its  presence  in  large  numbers  is 
likely  to  be  objectionable.  Large  wintering  flocks  also  are 
frequent  pests  at  livestock  and  poultry  feed  Jors. 

Retl-H  ingrd  hfarkhird.  The  adult  male  red-winged 
blackbird  15  identified  readily  by  the  bright  red  covert 
feathers  edged  in  yellow  on  a  totally  black  body.  Females 
are  hrown,  heavily  streaked,  and  spotted.  Immature 
29d  9 
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WING 

SHAPES 


Bound td  Ishorll 
t  Pfrd  winged  blackbird] 


Rounded    I  broad  I 


Pointed 

f  IWlllovtfl } 


Hounded  I  narrow  | 

[  mtrih  hltrk  ) 


Pointed 

f  hettlnp  gull  1 


Pounded 

(cooper  »  h**hj 


Pointed  or  Wedged 
(common  griehle  ) 


Square 

{%t\aip  shrined  hawk 


Marrow 
|  jmtirtaft  keilrel) 


Notched 
|  ire*  ■wallow] 


Broad 
(rod-tailed  hawk  ) 


Forked 
I  barn  shallow  | 

CFB-Q22 


males  are  patterned  like  the  female,  ait  huugh  a  trace  nt  ,1 
reddish-orange  wing  patch  often  is  evident. 

C<*mnt(m  watkle.  There  are  two  colur  phases  (purple 
and  bronzed)  of  this  species  of  blackbird  The  tony 
wed^e-shaped  tail  is  the  best  field  mark  for  this  black- 
balled hird  *oth  j  purple,  green,  m  bmn/e  indevcence  To 
its  plumage  Females  are  less  iridescent  than  males*  .md 
|ii\cnilc  birds  are  a  uniform  dull  hroun 

(litter  hfili  khifth  St"\  rral  •   hr*-  Miw  khui!  ^pfL^      olli  :1 


_irc  tourid  in  blacsbird  Jlo^ks  nr  roosts  that  present  a  pest 
situanon  Yon  should  be  a  hie  to  identify  the  brown- 
headed  LO>\Hird,  rusty  hlarkbird.  Brewers  blacEbird. 
and  vellou  hojded  blackbird,  if  they  occur  near  vour 
h;ue 

F*ercises  <2*bV 

!    On  the  I*  ih<vur.£  dhi$Mnt,  lnhel  each  lopoyraphicat 
t -mi  art;  of  ,1  S»rd 


in 


Figure  1-12.  Objective  C25b.  exercise  1. 


2.  State  the  two  feather  groups  that  make  up  the  flight 
feathers. 


3.  Explain  what  occurs  when  a  bird  spreads  ihe  large, 
conspicuous  flight  feathers  of  the  tail, 


4.  What  mode  of  feeding  would  be  indicated  by  a  hooked 
bill? 

5.  March  ihe  bird  in  column  B  with  ihe  description  in 
column  A. 


il)  Gray  crown,  black  ch«k  and 

upper  throat  (adult  malek 
1 21  Long,  wedge-shaped  \i\ I.  black 

body,  purple*  greerr  or  bronze 

iridescence  lo  its  plumaar,  * 
i  *>  vary  greatly  in  color  and  u/e, 

various  color  patters  of  gray. 

black,  whiie.  and  bronze  are 

coTimun. 
14)  Pomied  wings.  vquarC  tail,  and 

webbed  feci. 
1*1  Spring  hird*  have  a  Hriflht  vel- 

Inu  bili  and  j  jireen  purple 

iridescence. 
<M  fcntalrs  are  hrc-i*rt    hea*  d\ 

^rr^jlcvtt.  artd  xfn>iir J 


Column  A 

I 

a.  Common  cJaclile, 

b.  Gulls.  I 

c  House  sparrow. 

d.  Red-winged  blackbird, 

e.  Rock  ddve. 

f.  Starlings. 
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T25c  (CVI  —  fnr  f"F  f^-H?jiw  u  r^ferem  «nlv  >  Associate 
bird-tin  rne  rlk^es  with  statements  regarding  th«r 
characteristics:  complete  given  statements  identifying 
economic,  hazardous,  and  other  aspects  of  bird 
problems. 

Health  hazards.  Birds  are  associated  with  several 
disease*,  'they  can  transmit  disease  to  humans  and 
animals  bv  becoming  a  reservoir  for  disease  organisms, 
hv  transmitting  organisms  into  fhe  air  or  through  their 
riruppings.  or  bv  serving  as  intermediate  hosts  for  disease 
organisms  Among  the  better  known  diseases  are 
histoplasmosis,  psittacosis,  and  encephalitis,  although 
nearly  100  diseases  are  alleged  to  have  been  transmitted 
to  man  by  birds, 

Hfruiplawums  Histoplasmosis  is  caused  by  a  fungus. 
Hi\tt*ptti\rrt<i  < apxitiatiirtu  The  disease  is  worldwide  in 
distribution,  but  it  is  more  common  in  certain 
geographical  areas  *uch  as  the  Mississippi  River  Valley 
reginn  and  other  river  valk\s  in  the  eastern  and  south- 
eastern L'nited  States.  The  disease  is  contracted  by 
inhaling  the  organisms  which  is  present  in  soils.  It  thrives 
in  soils  enriched  bv  bird  drnppings  Histoplasmosis 
usually  results  in  benign  Lcsioos  of  the  lungs  caused  by  an 
infection  which  rift  en  shows  no  symptoms.  However*  in 
advanced  stages  the  disease  can  be  fatal  .You  should  be 
jware  of  the  increased  potential  for  the  spread  of 
histoplasmosis  that  exists  in  certain  situations.  When 
species  such  as  domestic  pigeons,  starlings,  and  house 
sparrows  rooM  near  areas  where  people  work,  the 
pote  ntial  .for  histoplasmosis  increases-  The 
histoplasmosis  spores  usually  are  spread  when  soils 
enriched  by  bird  droppings  are  disturbed.  For  example, 
construction  near  active  or  unused  bird  roosts  can  expose 
workers  to  the  disease.  You  should  give  special  attention 
in  these  situations  and  include  control  measures  in  any 
pest  management  program. 

Psittacosis.  Psittacosis,  often  called  ornithosis  or 
parrot  fever,  is  caused  by  a  rickettsia  organism  called  a 
bedsnnia.  The  name  "ornithosis"  was  applied  after  the 
disease  was  found  in  many  wild  nOnpsittacine 
(nOn parrot )  birds,  This  disease  is  distributed  throughout 
the  world  wherever  birds  are  found.  Inhaling  dust  con* 
taining  infective  particles  from  bird  droppings*  feathers, 
bird  todies,  and  nasal  secretions  is  a  common  source  of 
human  infection,  During  recent  years,  researchers  have 
found  that  birds,  such  as  pigeons,  often  transmit  the 
disease.  Pigeons  have  been  responsible  for  a  number  of 
Outbreaks  of  the  disease  in  New  York,  Massachusetts* 
Minnesota,  and  California.  The  disease  often  bas  been 
traced  to  pigeons  that  nest  or  roost  on  or  in  buildings 
where  penple  work.  Wild  birds  also  can  spread  the 
organism  to  commercially  raised  chickens,  ducks*  and 
turkeys,  which  die  quickly  after  showing  Only  brief  signs 
of  illness. 

Encephalitis,  Encephalitis  is  one  of  the  more  serious 
diseases  associated  with  birds,  A  number  of  encephalitis 
viruses  are  carried  by  bird  s  I  the  primary  hosts)  and  can  be 
transmitted  to  people  and  horses  by  arthropod  vectors, 
mainly  mosquitoes  and  ticks  The  viruses  for  Western 
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equine  *;nt.cp haliUs.  Ftsi-iti  i  ^nm-  ^n.  ,pKalitis,  St. 
Louis  equine  encephalitis,  and  »eve;al  other 
encephalitides  have  been  isolated  in  birds.  These  viruses 
attack  the  central  nervous  system h  and  the  mortality  rate 
during  outbreaks  often  is  high.  Birds  host  a  variety  of 
other  diseases  that  can  be  transmitted  to  man.  Human 
infectinn  usually  is  caused  by  the  transmittal  of  the 
disease  organism  by  an  arthropod  vector  or  through 
inhalation  or  ingestion  of  contaminated  air.  water,  nr 
food.  The  potential  for  such  diseases  is  highest  where 
Urge  numbers  of  birds  congregate,  roost,  or  nest 

Personal  hygiene.  You  must  guard  against  personal 
infection,  particularly  when  haodling  birds  or  working  in 
areas  where  birds  have  congregated*  Gloves  must  always 
be  worn  whenever  handling  Live  or  dead  birds.  When 
working  in  roosting  areas,  enclosed  areas,  or  any  area 
where  bird  droppings  are  prevalent,  you  should  wear 
rubber  boots  and  glove.  To  prevent  infection  by 
inhalation  in  such  areas,  a  protective  mask  must  be  worn; 
disposable  masks  are  recommended.  Immediately  after 
the  operation,  you  must  shower  and  wash  your  clothes 
and  all  equipment  in  hot  water  with  a  strong  soap. 

Sanitary  disposal  of  birds.  U  you  must  handle  dead 
birds,  strict  precautions  a  re  needed  to  preclude  the  spread 
of  infectious  materials.  Gloves  always  musi  be  worn.  The 
feathers  of  any  dead  birds  should  be  wetted  thoroughly 
with  a  detergent  disinfectant  prior  to  handling.  This  step 
will  immobilize  Lice  and  mites  and  help  prevent  the  spread 
of  airborne  infective  particles.  Such  specimens  must  be 
plated  inside  plastic  bags  or  other  such  containers  before 
transport  to  any  other  area.  Dispose  of  specimens  by 
incineration. 

Bird  strike  losses.  Each  year  the  dollar  loss  from  bird/ 
aircraft  collisions  runs  into  the  millions  of  dollars.  The 
seriousness  of  the  problem  is  indicated  further  by  the  loss 
of  lives  and  the  destruction  of  aircraft  as  a  result  of 
collisions  with  birds.  A  considerable  portion  of  the 
aircraft  loss  and  damage  is  caused  by  birds  striking  air- 
craft windscreens  or  canopies.  Such  impacts  account  for 
more  than  half  of  the  aircraft  that  are  destroyed  by  bird 
strikes  and  approximately  40  percent  of  all  accidents. 
You  should  note  that  About  half  of  all  bird  strikes,  and  42 
percent  Of  the  bird  collisions  with  aircraft  windscreens 
and  canopies,  occur  during  takeoff  and  landing. 
Appropriate  bird  control  in  the  airdrome  environment 
can  significantly  reduce  these  incidents.  You  must  rJSSllize 
that  damage  to  aircraft  is  not  caused  only  by  large  birds. 
While  collisions  with  birds  such  as  swans*  hawks*  and 
vultures  have  caused  damage  and  loss  of  aircraft* 
collisions,  and  engine  ingestions  of  much  smaller  birds* 
such  as  starlings  and  swallows,  have  resulted  also  in 
damage  and  loss  of  aircraft  and  lives. 

Other  damage  due  to  birds.  While  bird  strikes  account 
for  most  of  the  dollar  losses  caused  by  birds*  other 
situations  also  cause  concern.  Bird  droppings  and  nesting 
materials  can  damage  equipment  and  supplies, 
particularly  around  hangers,  warehouses,  and  other 
buildings.  Birds  also  can  damage  agricultural  crops* 
trees,  and  ornamental  shrubs.  Even  small  groups  of  birds 
can  damage  shade  trees  by  eating  buds  during  spring. 
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Inside  aircraft  hangaj  ±,  btrJ^  enter  ^njjjne  hoiisjn^s  a/id 
can  accumulate  a  considerable  volume  of  nesting 
material  within  a  matter  of  hours.  Engines,  idle  far 
repair,  are  prime  targets,  Nesting  material  can  cdusu  jei 
engines  to  fail  by  clogging  intakes,  and  static  and  rotating 
blades  can  be  significantly  damaged  by  nesting  material- 
Such  problems  usually  are  associated  with  house 
sparrows  and  starlings  that  enter  hangars.  Birds  thai  nest 
in  buildings  or  on  equipment  also  present  fire  hazards  if 
their  nests  are  built  around  or  near  electrical  wiring  and 
switch  boxes.  Even  if  nests  are  not  in  a  situation  to  cause 
fires,  electrical  failures  can  arise  from  birds  shorting 
electrical  systems  or  as  a  result  of  the  corrosive  effects  of 
bird  droppings  on  wires  or  wire  insulation.  Bird 
droppings  within  buildings  are  not  only  unpleasant  but 
can  result  in  substantial  economic  toss.  Bird  droppings 
enrrode  many  metals  and  can  cause  serious  damage  if 
allowed  to  fall  into  dismantled  engines  or  if  allowed  to 
bwj/d  up  on  other  equipment.  In  warehouses  another 
storage  buildings*  bird  droppings  on  supplies*  often 
render  them  unusable  or  result  in  costly  cleanup. 

You  must  consider  routine  control  of  pest  species, 
particularly  pigeons,  starlings  and  house  sparrows  as 
necessary  to  reduce  hazards  and  prevent  damage.  These 
species  should  be  eliminated  Jto  [he  greatest  extent 
possible  in  the  airdrome  environment. 

Exercises  (CZ5c): 

1.  Match  the  diseases  in  column  B  with  the  approprijtc 
statement  in  Column  A 

(trfuntn  ^  (Ww^m  8 

 fc  Ml  Distribution  is  ^ers  common  a.  Hisiopla.imtins. 

in  mef  val]ey<,  ol  the  Souih-  b  PsiLtatuSiv 

eastern  part      the  1'  S  c    V.  nccphiiliti*. 

 „  (2i  Auadcv  ihe  antral  nervnus 

s><0tem  Lind  hj^a  high  rtinruht^ 

  131  Ha>  bttn  traced  to  pigeons  t 

Jlhat  ijccupv  *>r  roosl  un  build- 
ings. 

 _  \W  Birds  are  the  prtmur>  hnst  ai 

itm  jrfti  To  pad -borne  iJisCjm: 

 ^  (5)  This  \\  j  fungal  disease 

 \h)  Thii  is  found  pnmariU  m  soil 

enriched  b>  bird  droppings. 

2.  What  disease  i\  caused  by  a  nckettsia  organism  called 
Bed  soma? 

3.  What  must  be  worn  to  protect  you  against  infection  by 
inhalation  when  working  in  areas  where  bird  drop-' 
pings  arc  prevalent  and  what  type  is  recommended0 

4  What  is  the  proper  disposal  method  of  dead  bird 
specimens? 


5    In  addition  to  the  high  dollar  lnss.  what  two  other 
factors  are  e\en  more  serious  as  a  result  of  bird 
aircraft  collisions* 


b   Vaund  hangars,  what  are  considered  prime  targets 
for  birds  to  build  nests? 


7,  What  two  bird  species  normally  are  associated  with 
aircraft  hangars?  ' 


C2Sd  (C40  —  for  CE  feedback  refer«nceonly,)Maicb  the 
control  categories  of  bird  management  function*  and  cite 
basic  facts  regarding  bird  control. 

Damage  and  hazard  controls  techniques  Tall  into  five 
general  categories.  For  each  specific  bird  problem,  you 
should  think  through  these  five  categories  in  turn,  with  an 
awareness  of  the  variety  of  techniques  available  in  each 
category'  Each  successive  approach  should  be  rejected 
only  if  no  acceptable  technique  that  is  likely  to  be 
successful  exists  within  that  approach  for  the  specific 
problem  at  hand.  Table  1-2  is  a  guide  to  the  active 
management  techniques  _ihat  apply  Co  some  common 
damage  and  hazard  situations.  X 

Altering  the  Concept.  Altering  the  concept  involves 
making  a  complete  assessment  of  the  situation  at  hand 
and  deciding  whether  active  management  is  required. 
The  birds  may  merely  >e  a  nuisance  or  a  transient 
problem  caused  by  migration,  with  no  active, 
management  program  required.  The  cost  of  a  manage- 
ment program  also  might  exceed  those  of  the  damage 
being  caused.  Suspected  bird  damage  situations  should 
always  be  evaluated  carefully,  if  no  problem  is  verified, 
no  control  actions  are  required,  "No  action"  is 
appropriate  if  close  examination  reveals  that  no 
economic  damage,  health  hazard,  or  safety  hazard  exists. 
!:or  example,  someone  may  report  large  numbers  of  birds 
at  a  certain  locality.  If  an  investigation  determines  that 
the  presence  of  birds  does  not  conflict  with  mission, 
activities,  no  control  action  is  required.  All  birds  around 
buildings  are  not  pests  necessarily.  Furthermore,  birds 
that  are  considered  pests  by  some  people  may  be 
considered  desirable  by  others. 

Altering  the  Situation,  Altering  the  situation  involves 
changing  the  timing  or  procedure  of  mission  operations 
to  avoid  conflicts  with  birds.  AlsoVjricluded  in  this 
category  is  habitat  modification.  This  includes  elimina- 
tion or  reduction  of  bird  habitat  (food,  water,  roost  or 
nest  sites,  and  perches)  near  the  airfield  and  is  the  most 
permanent  solution  to  many  pest  bird  problems. 
Changing  mission  activities  consists  of  modifying 
procedures  to  avoid  or  reduce  a  potential  conflict 
between  birds  and  aircraft.  Changing  mission  activities 
applies  to  many  types  of  situations,  particularly  those  of  a 
temporary  mature:  for  example,  the  presence  of 
migratory  birds.  After  evaluating  the  circumstances  of  a 
potential  hazard, in  a  particular  situation,  one  can  select 
tne  tv  pe  i>f  changes  in  mission  activities  that  may  solve  a- 
particular  problem,  Two  or  mo  re  specific 
recommendations  may  be  combined,  depending  on  the 
verity  of  ihe  problem  at  hand.  Yoii\houLd  identify  the 
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TABLE  1-2 

GUIDE  TO  ACTIVE*  BIRD  MANAGEMENT  TECHNIQUES 


Potential  Control 

Potential  Control  ^ 

Measures  (In  the  order 

Maaaavaa  (hi  the  order 

Situation 

to  be  considered) 

Specie* 

Situation 

to  be  considered) 

Pigeons 

Around 

Design  and  construction 

Birds 

Creating 

Elimination  of  food  source 

buildings 

Screening  or  netting 

of  prey 

strike 

Elimination  of  nesting* 

Sharp  projections 

hazard  near 

roosting,  ot  perching  sites 

Sticky  repellent* 

airfield 

Sharp  projections 

i 

.      Water  horn 

Sticky  repellents 

1 

Avitrol 

Raptor  traps 

Pigeon  trap 

Shooting 

Other 

Orating 

Elimination  of  food  source 

land 

strike 

Elimination  of  nc*ttn|» 

Around 

Design  and  comtruction 

birds 

hazard  near 

roosting*  ot  perching  sites , 

Sparm^s 

buildings 

Screening  and  netting 

airfield 

Sharp  projection* 

Sticky  repellents 

Siarlin  gs 

Feeding  — 

Elimination  of  food  lourte 

Water  hoses 

situations 

DistresV alarm  calls 

Avitrol 

Electronically  produced 

Modified  Australian  crow  trap 

noises 

Commercial  live  crap 

Airbunts,  scare  cartridges. 

Nest -bo*  i rap 

bird  bombs 

Automatic  exploders 

Siblings 

Rooming  in 

Design  and  eonitruetion 

Rope  firecrackers 

x>t  on 

Screening  or  netting 

Avutol 

buildings 

Sharp  projection! 

Modified  Australian  crow  trap 

Sticky  repellents 

Commercial  live  traps 

Distressf alarm  calls 

Starticidc 

Electronically  produced 

- 

noises  * 

Blackbirds 

Roosting 

Elimination  of  roosting  sites 

Bird  bombs 

■nd  ?  or 

in  trees 

Distress/  alarm  calls 

Starlings 

Electronically  produced 

Starling1* 

Nesting 

Design  and  construction 

noises 

around 

Screening  or  netting 

Airbursts,  scare  cartridges. 

buildings 

Sharp  projections 

bird  bombs 

Sticky  repellents 

Automatic  exploders 

Nest-box  trap 

Sticky  repellents 

Wetting  agents 

Feeding 

Elimination  of  food  source 

tin  or 

Distress.'alarm  calls 

Gulls 

Loafing 

Elimination  of  roosting  sites 

near 

Electronically  produced 

on 

Elimination  of  food  sources 

airfield 

noises 

airfields 

Elimination  of  water  sources 

Airbursts  or  scare  cartridges. 

Distress/ alarm  calls 

bird  bombs 

Electronically  produced 

Automatic  exploders 

noises 

Airbursti  ot  icarc  cartridges, 

fit  her 

Creating 

Elimination  of  water  source 

bird  bombs 

uatcr 

strike 

Elimination  of  food  source 

Automatic  exploders 

bird1* 

harard  near 

Netting  or  wire 

airfield 

Airbursts,  scare  cartridges. 

bird  bombs 

Automatic  exploders 

Rope  firecrackers 

Shooting  (waterfowl  hunting) 

"  Altering  the  concept  find  using  avoidance  measures,  which  arc  not  listed,  should  be  considered  {if  applicable  \  prior  to  an  active 
bird  mjnuwincni  program 
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circumstances  of  the  conflicts  between  birds  and  flight 
operations  with  the  base  flight  safety  officer.  He  can 
reromnvnd  changes  in  Operational  procedures  to  the 
appropriate  organization.  Providing  pilots  with  informa- 
tion tm  birds  is  one  wa>  to  alter  the  situation  by  changing 
mission  activities.  Pilots  can  be  alerted  to  hazardous  bird 
areas  by  posting  information  in  Base  Operations  and  by 
tower,  pilot  communication.  Pilots  can  be  informed  of 
1  he  numbers*  Igcation*  and  altitude  of  btrds  in  the  same 
manner  thev  are  informed  of  severe  weather  conditions. 
Changes  in  operational  procedures  have  been  recom- 
mended in  certain  instances  by  the  Bird/ Aircraft  Striks 
Hazard  (BASH)  Team  of  the  Air  Force  Engineering  and 
Services  Center.  These  ind'de  restricting  the  use  of 
certain  runways,  allowing  only  full-stop  landings, 
avoiding  long  final  approaches*  reducing  approach  &nd 
climb-out  speeds,  restricting  formation  rejoins  on 
departure,  and  raising  radar  vectoring  altitudes*  A  base 
Bird  Hazard  Working  Croup  (BHWG)  is  made  up  of 
members  from  Flying  Safety*  Director  of  Operations* 
flight  Facilities.  Base  Operations  and  Civil  Engineering, 
Urn  My  it  is  a  subcommittee  of  an  existing  group  such  as 
fh^  ^ir  Traffic  Control  Board.  Safety  Council  or  a 
*im»lar  vjoup  I  he  group  should  review  the  local  flying 
operation  and  determine  modifications  needed  to  reduce 
bird  hazards  and  make  pilots  more  aware  of  the  hazards. 
The  BHWG  and  the  PM  should  work  together  on  the 
following; 

Ftimtnarion  affood  sources.  If  birds  are  attracted  bya 
food  source,  removal  of  the  food  source  will  result  in 
fewer  birds  in  the  area.  Various  techniques  are  used* 
depending  on  the  situation.  In  many  cases  food  is  the 
major  attraction  for  birds.  Some  typical  examples  and 
potential  methods  of  eliminating  these  sources  of  food 
are  as  follows: 

a.  Exposed  garbage  at  landfills  attracts  scavengers 
such  as  gulls,  crows*  and  starlings.  If  a  landfill  is  properly 
operated,  with  refuse  being  continuously  covered  with 
soil*  large  numbers  of  birds  should  not  be  attracted.  You 
can  encourage  proper  laoj^r^opeja^ions.  If  necessary* 
landfills  causing  serious  bird  strike  hazards  should  be 
closed,  and  the  refuse  covered  permanently  Garbage 
around  buildings  should  be  eliminated  or  kept  in  covered 
containers  to  preclude  attractrng  pest  birds  such  as 
starlings  and  pigeons. 

Weed  seeds  in  grassy  areas  attract  many  birds,  such  as 
mourning  doves  and  horned  larks.  The  amount  of  weed 
seeds  produced  can  be  reduced  by  mowing  operations  or 
by  regular  application  of  herbicides.  For  areas  that 
cannot  be  mowed,  com  rolled"  burning  is  an  alternative. 
Safe  burning  requires  predictable  weather  conditions  and 
considerable  skill  and  should  be  performed  only  by 
experienced  personnel. 

Insects  in  grassy  areas  attract  many  types  of  birds 
including  cattle  egrets  and  meadow  larks.  Proper  timing 
of  mowing  operations  to  avoid  exposure  of  insects  at 
times  of  heavy  runway  use  may  keep  insect  populations  in 
check  without  creating  a  strike  hazard.  If  necessary* 
insects  can  be  controlled  by  spraying, 

h.  Fanhwnrms  attract  birds  such  as  American  robins 


to  short -grass  areas.  Tollowing  a  rain,  scavengers  such  as 
gulls  may  be  attracted  to  runways  to  feed  on  earthworms. 
Runways  can  be  swept  clean  of  earthwor  ms  with  runway 
sweepers. 

c.  Rodent  populations  in  grassy  areas' may  attract 
raptois  (hawks  and  owls).  Keeping  the  grass  mowed 
short  will  eliminate  the  rodent  habitat  and*  in  turn, 
reduce  the  food  source  that  attracts  the  raptors.  A  grass 
height  of  8-12  inches  is  recommended  to  discourage  birds 
that  prefer  shorter  grass  for  roosting  without  attracting 
Large  numbers  of  rodents  and  birds  that  prefer  taller 
grass, 

d.  Carrion-eating  birds  (such  as  vultures,  crows,  and 
gulls)  may  be  attracted -by  dead' animals  on  the  airfield. 
This  food  source  can  be  reduced  by  frequent  inspections* 
removal,  and  proper  disposal  of  the  carcasses. 

e*  Fruit*  such  as  berries,  produced  by  trees,  shrubs* 
and  vines*  including  ornamental  plantings*  may  attract 
birds  such  as  swallcrws*  warblers,  or  starlings.  This  food 
source  can  be  eliminated  entirely  by  removing  the  fruit- 
bearing  vegetation.  With  ornamental  plantings*  it  may  be 
preferable  to  exclude  the  birds  by  netting  during  the 
fruiting  time.  Growth  inhibitors^can  be  used  before 
fruiting  to  reduce  food, supply. 

/  Agricultural  land  near  an  airfield  can  create  a  bird/ 
aircraft  stri  ke  hazard  by  attracting  large  numbers  of  birds 
to  a  food  source.  For  example*  flocks  of  blackbirds  may 
be  attracted  by  grain  crops  or  by  waste  grain  following 
harvest.  Another  type  of  hazardous  situation  may  be 
created  when  plowing  or  mowing  exposes  worms*  grubs, 
and  flying  insects  which  attract  birds.  Such  problems 
may  be  beyond  the  immediate  control  of  the  PM.  If  the 
land  is  Government -owned*  the  problem  may  be  solved 
by  not  leasing  for  agricultural  purposes  or  by  stipulating 
in  the  lease  agreement  that  grain  crops  not  be%rown. 
Local  farmers  can  be  encouraged  to  plow  the  fields  after 
harvest  to  reduce  the  attractiveness  of  waste  grain  to 
birds. 

Elimination  of  water  sources.  If  birds  are  attracted  bya 
source  of  water,  removal  of  the  source  will  result  in  fewer 
birds  in  the  area.  Depending  on  the  particular  situation* 
various  techniques  are  used*  some  of,  which  are  as 
follows: 

a.  Low  areas  or  clogged  drainage  ditches  may  collect 
water*  attracting  waterfowl*  gulls*  or  smaller  shore  birds. 
Elimination  of  such  temporary  water  sources  will  reduce 
the  attractiveness  of  the  area  to  birds  considered  to  be 
potential  strike  hazards.  If  permanent  ponds  create  a 
strike  hazard*  draining  and  filling  may  be  necessary.  Low 
areas  that  collect  water  can  be  eliminated  by  installing 
covered  tile  drains  or  by  filling  and  regTading.  Drainage 
ditches  can  be  replaced  by  buried  drainpipe.  All  ditches, 
drains*  and  culverts  should  be  unclogged.  Open  drainage 
ditches  should  be  cleared  at  regular  intervals. 

b.  Elimination  of  water  sources  solves  the  problem  at 
its  origin  and  is  a  permanent  solution,  except  that 
periodic  maintenance  of  drainage  systems  is  required. 
Breeding  areas  for  insects  are  also  eliminated  by 
removing  sources  of  water.  However.-  major  filling 
operations  or  installation  of  drainage  pipes  and  culverts 
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i\  cnUh.  f)r.i  i'''^  o nd  filling  permanent  ponds  Is 
LmpiactK.i!.  i'-i-'^k  11  very  serious  bird  strike  potential 
existv 

i    Pon  -  i.v  marshes,  and  swamps  often  are 

Mrietly  t  :l  ,  v  law.  Appropriate  Local  and  state 
permits  rru*;.  ■■■  rj4jircd  before  such  sources  of  water  can 
be  altered  «ir  clirm ruled. 

Klim^otum  of  nesting,  roosting,  and  pert  hinX  sires.  If 
birds  are  tutraeted  by  the  vegetation  cover  (or  the 
opennesO  of  an  area,  a  reduction  in  the  cover  (or 
openness)  provided  will  reduce  the  number  of  birds 
attracted  by  this  type  of  habitat.  In  some  circumstances, 
removal  of  favored  perching  sites  also  will  discourage 
birds  from  frequenting  an  area.  Some  of  the  techniques 
employed  in* this  area  are  listed  as  follows: 

a.  Crows,  starlings,  and  blackbirds  that  roost  in  trees 
often  can  be  discouraged  from  using  the  roosting  site  by 
topping  or  thinning  (pruning)  the  trees.  Birds  roosting  in 
tall  reeds  (blackbirds  or  swallows)  can  be  discouraged  by 
cutting  the  reeds  to  a  shorter  height.  Birds  (meadowlarks) 
that  roost  or  nest  in  tall  grass  can  be  discouraged  from  an 
area  by  mowing  thf  grass  short.  For  areas  that  cannot  be 
mowed,  controlled  burning  is  an  alternative.  If  gulls  load 
in  open  areas  of  short  grass,  they  can  be  discouraged  by 
allowing  the  grass  to  grow  to  a  height  whteh  will  obstruct 
their  vision  and  make  it  difficult  for  them  to  spread  their 
wings  freely.  Removal  of  dead  snags  on  which  hawks 
frequently  perch  may  discourage  these  birds  from 
frequenting  the  area 

h,  Intensive  pruning  discourages  birds  from  roosting 
in  trees.  A  sparse  tree  canopy  provides  few  perching  sites 
and  li:tlc  protection.  More  branches  should  be  removed 
than  normally  would  be  removed  in  residential  pruning, 
In  instances  where  birds  roost  in  tall  trees,  topping  the 
trees  to  a,  height  of  20-30  feet  may  be  effective, "A  more 
drastic  measure  would  be  the  complete  or  nearly 
complete  removal  of  the  trees. 

c\  Grass  height  in  open  areas  can  be  controlled  by 
mowing  to  eliminate  netting  cr  roosting  habitat,  To 
compromise  between  short  grass  that  is  attractive  to  gulls 
and  long  grass  that  attracts  ether  birds,  maintenance  at  a 
height  of  8-12  inches  ts  recommended.  If  mowing 
operations  expose  insects  that  attract  birds,  it  may  be 
preferable  to  mow  at  times  when  runways  are  not  being 
used  heavily  by  aircraft,  such  as  at  night  or  on  weekends. 

J.  You  must  recognize  that  the  removal  or  thinning  of 
roost  may  result  only  in  the  birds  moving  to  nearbysites. 
Careful  maintenance  of  grass  is  required.  Short  grass  in 
open  areas  may  attract  gulls  for  loafing.  Mowing  grass 
too  short  can  replace  one  pest  situation  with  another, 
perhaps  creating  a  more  serious  problem.  Allowing  it  to 
grow  too  long  ma\  result  in  an  increase  in  other  birds  as 
well  as  small  mammals  that  attract  raptors,  Tall  grass 
sometimes  ::ed  unsightly.  Mowing  operations 

may  attn  .  T  temporarily  by  exposing  insects.  As 

with  oth^r  1  v^-  ^  til  habitat  manipulation,  some  of 
these  conn"-'  r  ^cdures  can  be  costly  in  terms  of 
manpower  ic  juhl'lL  Also,  habitat  modification 
techniques  \hv.-  may  result  in  the  disturbance  or 
harassment  oi  protected  species  will  require  appropriate 
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permits,  For  example,  active  raptor  nests  are  protected 
by  Federal  law.  Therefore*  trees  containing  such  neqts 
cannot  be  cut  down  without  a  permit.  The  use  of 
controlled  burning  also  requires  appropriate  permits. 

Exclusion.  Exclusion,  means  preventing  birds  from 
gaining  physical  access  to  an  area  where  they  can  create  a 
problem,  such  as  roosting  or  nesting  in  buildings.  Some 
exclusion  techniques  actually  are  habitat  modification.  It 
Is  most  effective  when  considered  during  design  and 
construction  of  new  structures,  but  techniques  are 
available  to  exclude  birds  from  existing  structures.  The 
design  of  structures  frequently  is  responsible  for  their 
attractiveness  to  domestic  pigeons,  starlings,  and  house 
sparrows.  Design  modifications  or  additional  construc- 
tion to, eliminate  roosting  and  nesting  locations  can 
provide  effective  bird  control.  Unfortunately,  you  may 
not  have  an  opportunity  to  comment  on  structure  design 
during  Che  planning  stages,  However,  additional 
construction  may  be  feasible  to  modify  features  of 
structures'  that  attract  roosting  or  nesting  birds.  For 
example,  open  eaves  of  a  building  may  be  boxed  to 
prevent  access.  Flaws  in  building  construction  causing 
cracks  or  crevices  that  attractstarlings  or  house  sparrows 
can  be  sealed  with  boards*  bricks,  or  mortar. 

The  building  materials  needed  will  depend  on  the 
particular  design  modifications  required.  Boards,  bricks, 
molar,  or  sheet  metal  are  frequently  appropriate. 
Screening  should  be  considered  as  an  alternative. 
Cavities  being  used  by  birds  can  be  located  by  Jooking  for 
accumulations  cf  bird  droppings,  protruding,  nest 
materials,  or  by  careful  observation  of  birds.  Birds  may 
be  reluctant  to  enter  a  nesting  cavity  if  an  observer  is 
nearby*  so  the  PM  should  use  field  glasses  and  watch 
from  a  distance.  When  the  problem  areas  have  been 
Identified*  select  >be  appropriate  building  material, 
remove  existing  nests,  and  seal  off  the  opening. 

Eliminate  ledges  used  as  perching  Locations  by 
installing  angled  board,  a  piece  of  sheet  metal,  or  a  row  of 
bricks.  Design  modification  is  a  permanent  method  of 
pest  bird  exclusion.  Unless  conducted  during  actual 
nesting*  if  is  not  likely  to  cause  an  adverse  public  reaction 
and  is  thus  a  socially  acceptable  means  of  preventing 
protected  species*  such  as  robins  or  swallows,  from 
nesting  oh  structures  in  the  future, 

Screens,  nets,  or  wires.  Exclusion  by  means  of  screens, 
nets,  or  wires  consists  of  installing  materials  that  will 
prevent  the  physical  access  of  birds  to  areas  where  they 
roost,  nest,  or  feed, 

a.  Screening  or  netting  frequently  is  used  to  prevent 
pigeons,  starlings,  or  house  sparrows  from  roosting  or 
nesting  in  or  on  buildings  or  other  structures.  Ventilation 
holes  can 'be  screened  to  exclude  starlings  and  house 
sparrows.  Chimneys  can  be  covered  with  screening. 
Netting  or  crisscrossed  wire  has  been  used  to  exclude 
birds  from  drainage  ditches  or  other  water  areas  that 
attract  water  fowl*  gulls,  or  other  birds.  Screening  can  be 
used  to  exclude  birds  such  as  starlings  and  gulls  from 
filter  beds  and  settling  tanks  of  sewage  treatment 
facilities. 

h.  Piegonsand  starlings  sometimes  can  be  discouraged 
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from  hangers  or  warehouses  by  suspending  netting  from 
the  top  of  the  large  doorways.  The  birds  may  be-reluctant 
to  fly  low  enough  to  enter  under  the  netting.  This 
technique  is  not  effective  against  house  sparrows,  nor  has 
it  been  scientifically  tested,  so  the  maximum  ground 
clearance  that  will  be  effective  and  the  probability  of 
success  are  unknown.  Netting  also  is  used  in  agricultural 
situations  to  prevent  bird  depredation  of  fruit  crops. 
Similarly,  netting  can  be  used  to  prevent  the  attraction  of 
birds  to  certain  vines,  shrubs*  or  trees  that  have  been 
planted  for  ornamental  or  gardening  purposes. 

To  exclude  birds  from  relatively  small  areas*  L  2-inch 
mesh  screening  is  recommended.  To  enclose  larger  areas, 
such  as  an  aircraft  hangar  superstructure*  or  to  partially 
screen  large  doorways*  nylon,  or  polyethylene  netting  can 
be  used*  Several  materials  can  be  used  to  cover  fruit  trees 
or  vines,  including  acrylic  fiber  webbing  and  plastic 
netting. 

To  control  pigeons,  starling,  and  house  sparrows  in 
aircraft  hangars*  you  should  clea*j  the  hangar  with  high- 
pressure  water.  Deicing  booms  may  be  used  to  wash 
down  girders  and  remove  nests.  Ensure  that  all  electrical 
power  to  the  building  is  turned  off  to  eliminate  the  shock 
hazard.  Scrape  beams  where  droppings  .have 
accumulated  before  washing,  then  spray  with 
disinfectant  where  nests  are  removed.  Wash  hangar 
floors  and  treat  with  disinfectant.  Dispose  of  all  removed 
nests  and  all  dead  birds  by  incineration.  Replace 


insulation.  Ensure  that  the  screening  does  not  touch  'he 
insulation  to  prevent  birds  from  pulling  insulation  fibers 
through  the  mesh.  Screen  off  all  nesting  and  resting  areas* 
such  as  edges  of  runs*  ducts,  and  conduit  races,  spaces 
between  the  wall  and  utility  runs,  and  around  heating 
units,  Suspend  netting  as  required  to  enclose  larger  areas. 

The  technique  of  crisscrossing  wire  across  water  bodies 
requires  the  use  of  heavy  gauge  wire  (at  least  10  gauge)  to 
minimize  the  potential  for  injury  to  birds.  Nylon 
monofilament  lines  of  50*  to  100-pound  test  can  be 
substituted  for  wire*  Posts  should  be  placed  about  6  feet 
apart  on  each  side  of  the  body  of  water  alternating  the 
positions  of  the  posts  with  those  on  the  oppnsite  site. 
Wire  is  then  strung  in  a  zigzag  manner  across  the  water  at 
approximately  12  to  18  inches  above  the  waterline*  This 
technique  is  effective  against  large  birds  only.  If  properly 
installed,  screening  or  netting  is  a  permanent  solution  to  a 
pest  bird  problem,  although  periodic  inspectitin  and 
maintenance  are  required*  Exclusion  of  birds  is  socially 
acceptable  and  should  not  cause  a  public  relations 
problem.  Netting  and  screening  are  appropriate  means  of 
excluding  protected  species. 

Sharp  projections.  Sharp  projections,  wires,  or  spikes 
can  be  used  as  barriers  and  repellents  to  perching  birds  on 
buildings  and  other  structures:  These  devices  can 
effectively  prevent  any  bird  from  perching  on  ledges  or 
other  surfaces.  A  sample  application  is  shown  in  figure  1- 
13.  They  are  installed  most  commonly  to  discourage 
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pigeons,  starlings,  and  house  sparrows  from  structures. 
Sharp  spikes  also  have  been  used  successfully  to  prevent 
raptors  from  perching  on  runway  marker  lights.  These 
devices  Lire  available  in  strip  form  and  are  placed  with 
clips,  fasteners,  wire  ties,  and  adhesive,  as  appropriate  [or 
particular  installation  requirements,  Different  designs  of 
projection  materia)  are  available  for  large  birds,  such  as 
gulb  or  pigeons;  and  forsmaller  birds*  such  as  star  lings  or 
house  tparroiyv  I  his  material  can  be  installed  on  ledges, 
raitcrs.  window  sills,  or  other  locations  where  birds  might 
roost,  loaf,  or  nest.  Wide  surfaces  may  require  two  or 
more  parellel  rows  of  the  material.  Detailed  instruction 
on  the  appropriate  type  of  adhesive  or  fastener,  as  well  as 
rec  am  mended  spacing,  will  be  provided  when  the 
materml_  is  procured.  Determine  the  appropriate 
location*  lor  this  material  by  observing  birds  directly  or 
by  mutiny  heavy  concentrations  of  droppings.  Sharp 
proieetiotK  jre  an  effective  and  permanent  means  of 
endudinu  ->r  repelling  birds  from  ledges,  rafters,  and 
other  Mructures.  Because  of  the  sharp  spikes  (projec- 
tions), ihese  devices  should  not  be  used  in  accessible  areas 
where  a  ?»alety  hazard  might  result. 

Repulsion.  Repulsion  is  simply  scaring  birds  away. 
Many  devices  and  techniques  have  been  designed  to  repel 
birds,  techniques  used  for  birds  On  airfields  usually  are 
visual  (M^hch  laetile  (touch),  and  auditory  |  hearing).  For 
qui  purpose  here  we  will  concentrate  on  the  auditory 
repulsion  technique.  When  using  auditory  repulsion  (the 
type  iiii^t  commonly  used  to  prevent  strike  hazards),  the 
ke\>  iu  >uck.-eWare  diversity  and  intensity.  We  wilt  discuss 
the  tuur  tvpo  of  repulsion  techniques: 

Hft  crrJfiJ  distrt>±\,  alarm  ralis.  This  bioacoustic  tech- 
nique loiimsu  >|  using  a  loudspeaker  and  cassette  tape 
pla>er.io  broadcast  d  recording  of  actual  distress  or  alarm 
ealU  01  the  Maine  bird  specie*  to  frighten  away  flocks  of 
bird*, 

d.  Distrcvv  ur  alarm  calls  are  recommended  highly  for 
dup£r?iintf  iloeks  of  gulls  from  an  airfield.  In  the  Air 
Force,  this  \\  their  primary  use<  This  technique  also  i.s 
irequcnih  effective  in  dispersing  blackbirds  or  starlings 
troin  roosts  in  trees  or  starlings  roosting  in  hangars. 
Pi*nev*  ur  alarm  calls  also  can  be  used  in  many  other 
Munitions,  if  tapes  are  available  for  the  species  that  is 
easing  the  pest  situation.  Repulsion  techniques  are  most 
elfeeti\e  with  transient  birds  and  are  mhre  effective  with 
routing  or  loafing  birds  than  with  those  that  are  nesting. 
Auditor)  repulsion  is  not  recommended  tor  pigeons  or 
hoU\C  vparrous, 

h.  l-quipmcnt  consists  of  a  vehicle  from  which  to 
brnadwaa  ihe  *.all>,  sound  equipment  (tape  player  with 
amplifier  and  loudspeaker),  and  the  appropriate  cassette 
tape  rt'coidingi  for  the  pest  species  The  loudspeaker  can 
be  mounted  on  the  vehicle.  The  sound  equipment  must 
pla\  the  une>  lnudlv  and  with  good  fidelity.  A  system 
eu  panic  nt  H)-MJ  watts  power  without  distortion  to 
pnuluee  $0- 1  HJ  tlh  I  several  feet  in  front  ol  tlt£  *peak<jn 
and  .1  Tu-uuen^  :c%pn:j%e  ol  ap  u>  at  lea>t  2i).(XM  Mr  1% 
renMiiintjiKji o  \  n,\  _L|uipment  is  covered  in  fable  ol 
Miurtavu;  *  f  i.^  i\  /.em  ean  be  puuerL'd  d'recth  rn 
tile  vehicle  tJiiuLi^M  * iic  ugarctte  lighter.  usinu  an  ae  Ul" 
tr;jti^1i»r  me    K ■  %i*r  u*M  lapcv  Lit  OKtrcsa  »ilarm  call  *  ior 
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various  species  can  be  obtained  from  the  Air  Force 
Engineering  and  Services  Center  J  >  ndalL  A  KB,  Moiida. 
If  available,  alarm  calls  u>ually  are  preferable  to  distress 
calls,  because  sonic  birds  aie  dispersed  more  readily  by 
alarm  calls. 

<\  As  with  other  repulsion  techniques,  it  is  best  tost  an 
a  control  program  before  the  birds  establish  the  habit  ot 
u  '-tg  the  area.  If  the  birds  already  frequent  the  area, 
observe  their  usual  movement  pattern.  It  is  easier  10  herd 
them  along  accustomed  flight  patterns  than  to  disperse 
them  at  random. 

Proper  identification  ot  the  birds  is  even  more 
important  than  with  other  repulsion  techniques,  because 
many  birds  respond  only  tu  distress  oi  alarm  calls  ol  their 
own  species.  Even  gulls  should  be  identified  as  to  splits 
before  a  tape  is  selected.  In  mixed  flocks,  the  disperal  ol 
one  species  will  sometimes,  but  not  always,  disperse  the 
Other  species. 

For  loafing  gulls,  drive  the  vehicle  to  *mhm  100-200 
yards  of  the  birds.  Nate  the  wind  directiortheeause  sound 
carries  farther  downwind.  II  birds  arc  rocftting  in  trees,  it 
will  be  necessary  to  KCt  even  closer,  because  the  trees  will 
muffle  the  sound  of  the  recording  In  hangars,  the  sound 
may  echo,  making  it  unrecognizable  to  the  birdv  Trv 
different  locations  within  the  hanRat  it  muy  r>r  deT,  able 
to  move  the  speaker  up  to  ceiling  JcveL  At  tree  roo>.Kund 
Loafing  areas,  pla\  the  tape  Irorn  different  luCidum? 

d.  To  keep  birds  from  habituating  tu  tins  v^ntrol 
technique,  play  the  tape  as  little  as  possible  and  never 
allow  it  to  run  Continuously.  Two  or  thiee  attempts 
should  be  sufficient.  If  the  birds  do  not  fly  up  ,ui  J  disperse 
alter  the  third  attempt,  it  i>  unlikeh  ti*ai  ihe\  w«tl  be 
influenced  by  the  distress  ealL  Do  nut  allow  (he  rape  tu 
continue  running*  becau>e  this  will  persuade  tne  oiids 
that  they  are  not  in  danger,  and  they  will  ignore t  tie  tapes 
'Frequently  the  birds  rise  up  and  fly  toward  the 
loudspeaker  when  the  distress  call  is  used.  Sometimes 
they  circle  for  a  short  time  nver  t  he  source  ol  the  distress 
call  and  then  flyaway  At  other time>  th.y  sna\  urele  the 
vehicle  and  spiral  higher  and  Jiighcj  ^  j eating  a  ha/**ul  to 
aircraft.  Pyrotechnics  should  Then  he  exploded  amo*,^ 
the  birds  to  speed  then  Jepamju 

For  starlings  or  blaekbuds  at  roosts,  the  icvnnHjue 
should  be  applied  when  tile  biids  ait1  am*  nip  at  ttiL  rou^L 
Play  the  tape  15-30  second i  jL  a  .inie  ior  a  una!  t.  i  a 
few  minutes  ■  I urh ri^T  ink  peritul.  Anp\\  Uc  ttcri-j^jr  jTa 
lour  io  seven  *uece?,sive  mghtv  Recorded  J..t  x  >s  or 
alarm  ealls  eau  be  teintoieed  with  anhuuu  or 
cartridge*  or  tivv  ainmuni;[:jii  Tlii*  w  ill  hLlp*  uiu  jj,,  ,  im 
hi' d  ,  i hi; i  a  doi^ei  i^  pfoent.  xUiJ  tl^v  v^ill  b,  ihoK  Uk«.  U 
to  lieed  the  recorded  c*iljs  and  di>]Ri  .c 

In  ruaay  situation-  Wi:*  i*  puibablv  the  hm  -t  vti*  .i:,e 
repuiMon  technique  available  II  the  lechjiiqiie  jMii-jJicd 
properh.  habituation  i>  ,mr  as  hkriy  \o  ul>lu  >^  ^ith 
otiier  ti;cnniqije>.  t.xcept  I'ui  i!k  i  ^nilmetnt!  im  .n  ^  no 
olhei  sO|>ph',%  ,ik'  il^l.hi,    Me  ^j:'Is       .,  i       u  'i 

p1iv\(L.jllv  h>  i|lw'  Jrlr  it,., in    ilk    M  ^m^.h 

enta;i>  no  \tn   h^/aid    \a    u>.i»;i     it.   ni-  ,.L      ^jii  ia. 

*    eiivlm^    "uij\   .mi.     ,   *i.    j..   vi«,4'%  Oikt. 

n*i/utd   u  ]  i  ■  n  ■ l  *  1 1 r  -i^K,.        r^i  ,  .     ii  ,■    ti  mh,j 


595 


noise  levels,  will  reduce  rhe  probability  of  success  by 
impeding  the  birds'  ability  to  hear  the  recording.  Echoes 
and  distortion  of  the  calls  when  played  inside  a  hangar  or 
between  buildings  may  reduce  effectiveness.  The 
tecordings  are  disturbing  to  some  people.  As  with  any 
repulsion  method,  roosting  birds  that  are  moved  may 
become  a  problem  elsewhere.  Repulsion  alone  will  not 
permanently  solve  a  problem;  habitat! changes  also 
should  be  made.  However,  playing  recorded  distress 
alarm  calls  is  harassment  and'  cannot  be  used  on 
protected  species  without  a  permit.  If  live  ammunition  is 
used  as  reinforcement,  depredation  permits  also  are 
required  for  protected  species,  including  gulls. 

Electronically  produced  noises,  Electronically 
produced  noises  which  simulate  bird  calls  can  be 
broadcast  by  loudspeaker  in  the  same  manner  as 
recorded  distress/  alarm  calls  to  repel  birds.  Ultrahigh 
frequency  sounds  (ultrasonics),  which  cannot  be  heard  by 
humans,  are  not  recommended  for  bird  control  because 
their  effectiveness  is  questionable. 

a.  Like  recorded  calls,  electronically  produced  noises 
can  repel  flocking  birds  (blackbirds,  starlings,  gulls)  from 
feeding  and  roosting  situations  with  varying  degrees  of 
success.  Auditory  repulsion  techniques  are  not 
recommended  for  piegons  or  house  sparrows.  Electronic 
noises  can  be  used  in  enclosed  areas  such  as  hangars  and 
in  open  and  wooded  areas. 

b.  Electronic  bird  repulsion  systems  are  available 
from  commercial  sources.  Several  models  are  available; 
low  power  for  enclosed  or  small  areas  and  high  power  for 
larger,  open  areas.  They  can  be  played  from  a  vehicle  or 
permanently  installed,  but  mobile  units  are  more 
effective  and  can  cover  a  larger  area.  II  installed,  several 
stationary  speakers  or  a  rotating  {or  partially  rotating) 
Speaker  is  recommended  so  that  the  direction  of  the 
broadcast  can  be  varied.  The  systems  can  be  operated 
manually  or  automatically.  A  timer  can 'be  used  to  turn 
the  system  on  for  a  few  seconds  every  several  minutes.  A 
photocell  can  activate  or  deactivate  it  at  dawn  and  dusk. 
To  increase  effectiveness,  the  location  of  mobile  units 
should  be  changed  frequently.  In  a  small  area,  high 
volumes  arc  not  necessary,  as  long  as  the  birds  can  hear 
the  sound.  Because  the  noises  can  be  very  irritating  to 
peopkt  unnecessarily  high-noise  intensity^  should  be 
avoided. 

c.  Like  recorded  calls,  the  effectiveness  of  this 
technique  can  be  increased  by  using  it  in  combination 
with  other  techniques  such  as  air  bursts  or  automatic 
exploders.  Birds  may  exhibit  a  delayed  response,  perhaps 
being  attracted  at  first  or  acting  curious  toward  the  noise 
before  taking  flight.- -Repulsion  programs  should  begin 
before  a  pattern  has  been  established  for  the  season,  and 
the  sounds  should  be  played  as  birds  arrive  at  a  feeding  or 
roosting  area*  Persistence  often  is  required.  Many 
variations  of  noises  can  be  produced  by  the  same  equip- 
ment. Tapes  of  calls  for  various  species  are  not  required. 
Different  combinations  ot  noises  may  repel  more  than 
one  species  at  the  same  time.  Experiment  ation  with 
different  noises  Is  possible. 

d.  Many  electronically  produced  noises  will  be  ineffec- 


tive  unless  some  biologically  meaningful  message  (such 
as  alarm)  is  conveyed  to  the  birds.  For  this  reason*  the  use 
of  actual  recordings  of  distress/ alarm  calls,  if  available,  is 
preferable  to  electronic  simulations.  The  noises  produced 
catv  be  very  irritating  to  people.  The  base  bioenviron- 
mental  engineer  should  be  asked  to  assess  the  noise 
hazard  potential  and  to  make  recommendations. 

M*74  airburm  and  scare  cartridges.  M-74  (M-74A1) 
air  bursts  are  explosive  charges  fired  from  an  M-t  pyro- 
technic pistol  (flare  gun).  Scare  cartridges  are  12-gauge 
shotgun  shells  that  propel  a  second  charge  instead  of 
pellets,  The  propelling  charge  of  airbursts  and  scare 
cartridges  ignites  the  fuse  on  the  second  charge  and 
projects  the  charge  about  100  yards,  where  it  explodes 
with  a  loud  noise  and  a  flash  of  light. 

a.  Airburst  and  scare  cartridges  are  fired  intotheairto 
repel  flocks  of  birds  such  as  blackbirds,  starlings,  crows, 
gulls,  or  water  fowl.  These  pyrotechnics  can  be  used  in 
conjunction  with  distress/alarm  calls  to  repel  birds 
coming  in  tu  roost  (blackbirds  and  starlings)  or  to 
discourage  gulls  from  loafing  in  the  vicinity  of  runways. 
These  techniques  seldom  are  effective  for  pigeons  or 
house  sparrows, 

b.  Procedures  for  ordering  M-74  airbursts  may  be 
obtained  from  the  Munitions  Supply  Office,  Security 
Police  Squadron  (supply  account  code  FK)  on  each  base. 
Also,  Technical  Order  11A-M6*  Fire  Fighting 
Guidance,  Transportation  and  Storage  Management 
Data  and  Ammunition  Compiete  Round  Chart,  contains 
information  on  shipping,  storing,  and  handling  the 
airburst.  An  M-l  pyrotechnic  pistol  is  required  to  fire  the 
airburst.  Scare  cartridges  are  available  from  commercial 
sources.  Scare  cartridges  can  be  fired  only  from  12-gauge 
shotguns  with  no  choke  or  an  open  choke  barrel.  A 
choke-bore  shotgun  will  slow  the  projectile,  possibly 
resulting  in  explosions  Inside  the  barrel.  The  following 
instructions  apply  to  the  M74AI  simulator  airburst  and 
the  12-gauge  scare  cartridge. 

(1)  Pyrotechnics  must  be  fired  at  an  angle  of  not  less 
than  45°  from  ground  level  and  never  in  the  direction  of 
any  person,  vehicle,  or  building  closer  than  1000  feet. 

(2)  All  firearms  safety  rules  listed  on  AF  Form  497. 
Air  Force  Policy  Statement-Firearms  Safety  and  Use  of 
Force,  will  be  followed. 

(3)  Leather  gloves,  ear  protectors,  and  goggles  must  be 
worn  by  the  user.  All  other  personnel  in  the  area  should 
have  ear  p;--rtcctors, 

(4)  There  should  be  no  smoking  at  any  time  within  50 
feet  of  pyrotechnics. 

t5)  If  pyrotechnics  malfunction,  all  personnel  will  stay  * 
clear  of  that  area  for  at  least  30  minutes.  The  exact 
position  of  the  malfunction  will  be  relayed  to  the  base 
explosive  ordnance  disposal  (EOD)  office.  They  will  send 
a  team  to  the  area  for  disposal.  At  no  time  will  pest 
management  personnel  dispose  of  any  malfunctioned 
pyrotechnics. 

46)  Except  during  transportation,  pyrotechnics  will  be 
kept  under  visual  observation  at  all  times  after  they  are 
issued  and  until  ihey  are  expended. 

(7)  Two-way  radios  must  be  used  to  coordinate  with 
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the  control  tower  before  pyrotechnics  arc  lired- 
[ftl  When    transporting   M74AJ    airbursts,  lour 

^Explosives  B"  placards  must  be  placed  on  the  \ehicle. 

one  on  earh  side.  These  placards  are  available  from  the 

Department  of  Transportation.  Refer  to  Standard  Form 

432.  The  12-gauge  cartridges  currently  do  not  have  a 

permanent  explores  classification, 

Pyrotechnics  should  he  stored  m  a  metal  box  lined 

with  wood  on  all  inner  surlaees  and  secured  in  the  vehicle 

during  transportation 

MO)  Before  using  pyrotechnics,  the  following  offices 

should  be  notified;  Command  Post,  Hospital.  Security 

Police.  Fire  Department.  (J  round  S;itety.  and  Fx  plosives 

Safety, 

The  following  procedures  must  he  follou  ed  w  hen  using 
pyrcuechnics: 

i  I )  Proceed  to  the  area  where  the  birds  are  a  hazard. 

(2)  Obtain  Control  Tower  clearance  to  fire  pyro- 
technics. 

(3)  Don  all  applicable  safety  equipment 

<4)  Remove  pyrotechnics  from  the  storage  box  and 
load  the  weapon. 

(5)  Gnp  the  weapon  with  both  hands,  aim  high 
towards  the  target,  and  fire. 

ib)  Inspect  the  weapon  chamber  and  barrel  before  re- 
loading to  be  sure  it  is  free  of  obstructions. 

[7)  Dispose  of  empty  casings  properly.  If  discarded  on 
the  airfield,  they  may  be  picked  up  by  birds  and  dropped 
on  the  runway,  where  They  can  be  ingested  by  an  engine, 
For  the  same  reason,  unexploded  projectiles  must  be 
recovered.  When  unexploded  projectiles  occur.  EQD 
personnel  must  be  contacted  to  dispose  of  the  explosives. 

(8)  After  bird  dispersal,  return  the  pyrotechnics  to  the 
storage  box  and  then  to  the  appropriate  office, 

I1? J  To  protect  against  fires,  two  ID-pound 
extinguishers  for  type  B  and  C  fires  always  must  be 
available  w  hen  using  pyrotechnics.  Jn  the  event  of  a  fire 
on  the  airfield,  pest  management  personnel  should 
immediately  stop  using  pyrotechnics,  attempt  to 
extinguish  the  fire,  and  notify  the  control  tower  to  relay 
information  io  the  fire  department, 

t\  When  pyrotechnic  devices  are  used  without  other 
repulsion  techniques,  birds  may  habituate  to  the  noise, 
reducing  the  effect.  This  tendency  can  be  reduced  by 
occasionally  using  live  ammunition  wi:h  the  pyrotechnics 
to  show-the  birds  that  a  hazard  is  present.  Pyrotechnic 
devices  are  used  most  effectively  in  conjunction  with 
recorded  distress  or  alarm  calls.  This  reduces  the 
potential  for  habituation  to  either  technique, 

The  keys  to  success  are  diversity  and  intensity.  Fire  the 
airbursts  or  scare  cartridges  at  irregular  intervals  and 
combine  i  heir  use  wuh  other  repulsion  techniques.  When 
attempting  to  disperse  a  roost,  provide  daily  harassment 
[as  the  birds  arrive)  for  a  period  of  3  to  7  days.  It  is  easier 
to  turn  birds  back  when  they  are  approaching  a  roost 
than  to  scare  them  out  of  a  roosting  area  after  the\  have 
settled  AirburMs  or  scare  carl  ndges  arc  often  jn  etic*  f\\ z 
method  of  repulsion,  at  least  for  ix  ^hort  time,  jtiJ 
increase  m  effeelnene^s  when  u^ed  m  coniuncnon  wuh 
other  techniques. 
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Aunmiaut  vxptatfon.  Automatic  exploders* 
sometimes  Lalled  gas  trannons,  produce  loud  nuises 
{similar  lo  thuse  of  a  12-gauge  shotgun  at  regular 
intervals), 

a*  Automatic  exploders  can  be  used  in  conjunction 
with  other  control  methods  to  frighten  birds  away  from 
airfields  ur  hangars,  They  are  mainly  for  open  situations, 
T  hese  exploders  are  reported  to  be  particularly  effective 
lor  waterfowl  but  also  have  been  used  (with  varying 
degrees  of  success)  for  gulls,  blackbirds,  starlings,  crows, 
and  uther  birds  in  both  feeding  and  roosting  situations. 
They  should  be  most  effective  on  those  species  that  are 
regularly  hunted  and  thus  are  likely  to  associate  the  noise 
with  gunfire,  Auditory  repulsion  techniques  generally  are 
not  effective  for  pigeons  or  house  sparrows, 

K  Exploders  should  be  used  in  combination  with 
other  control  techniques.  Airbursts  will  help  keep  the 
birds  from  becoming  accustomed  to  the  noise  of  the 
exploders.  Where  birds  are  attracted  strongly  to  an  area, 
explosions  m  1-  to  2-minute  intervals  can  be  tested  for 
effect  i\encss.  One  cannon  can  repel  birds  from  an  area  of 
approximately  10  acres,  Several  exploders  usually  will  be 
required  in  most  airdrome  situations.  The  effectiveness  is 
increased  if  the  cannons  are  pointed  downwind,  The 
location  should  be  changed  frequently,  perhaps  every 
houj\  but  at  least  daily.  J f  this  is  not  done,  the  birds  will 
soon  ignore  the  noise.  For  ease  of  movement,  the 
exploders  can  be  mounted  on  a  vehicle.  While  in 
operation,  the  mechanism  should  be  checked 
periodically,  Repulsion  should  begin  when  birds  begin 
feeding  or  roosting  in  an  area.  This  is  more  likely  tu  be 
successful  than  starting  a  program  after  a  pattern  has 
become  established  for  the  season.  It  is  even  better  if  the 
program  can  be  started  before  the  birds/estimated  arrival 
time,  based  on  experience  from  previous  years, 

i\  A  propane  operated  scareawav  gun  Tor  bird 
dispersal  is  listed  in  Table  of  Allowances  483.  This  model 
operates  from  Liquid  propane,  whit+i  is  ignited  by  a  Hint 
that  sparks  when  struck  by  the  firing  mechanism.  The 
timing  of  explosions  is  determined  by  gas  pressure*  This 
technique  is  not  harmful  to  birds.  Gas  cannons  have  a 
low-operating  cost  compared  to  shotguns  or  airbursts. 

Removal  or  Reduction  by  Capture,  *These  techniques 
attempt  direct  population  control  by  capture  or  killing. 
As  a  general  rule,  this  approach  is  rarely  effective.  Even  tf 
a  large  proportion  uf  the  Dock  is  removed  (a  difficult 
task),  other  birds  eventually  will  move  in  to  replace  them 
if  the  original  environmental  attraction  remains.  Killing 
birds  also  is  likely  to  result  in  adverse  public  reaction. 
Nevertheless,  there  are  instances  when  habitat  modifica- 
tion, exclusion,  or  repulsion  are  not  viable  approaches, 
and  direct  population  reduction  is  appropriate.  In  this 
area  we  are  talking  about  trapping  birds  unharmed,  We 
ail!  discuss  six  types  of  bird  traps. 

Cummercialhve iraps.  Traps  desigljed  to  capture  birds 
unharmed  are  available  in  a  variety  of  designs  from 
* -imimei  wial  sources  llitds  are  aituiued  hv  bait,  perhaps 
in  combination  v*  <th  U\c  decoys  C  aptured  birds  car>  be 
killed  b\  Rising  Lir.  preferably,  transported  Tor  idease 
eKcu  licrc. 
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tf*  Commercial  live  traps  can  be  used  to  capture 
domestic  pigeons,  starlings,  or  house  sparrows.  Trapping 
is  not  practical  over  large  areas  or  where  large 
populations  are  present,  but  considerable  numbers  of 
pest  birds  can  be  removed  from  limited  areas  with 
persistent  effort  If  birds  are  not  feeding,  they  may  be 
encouraged  by  prebaiting.  Birds  are  more  easily  attracted 
to  bait  in  winter  because  natural  food  is  leas  available. 
Starlings,  however*  do  not  usually  Teed  near  their  roosts. 

b.  Traps  of  many  designs  are  available  from 
commercial  sources  or  could  be  manufactured  within 
your  organization*  if  resources  are  available.  Each  trap  is 
designed  to  capture  a  particular  species.  The  designs 
include  swinging-bob  pigeon  traps*  funnel  traps  for 
pigeons,  center-drop  traps  Tor  starlings  and  house 
sparrows,  funnel  traps  for  house  sparrows,  and  some 
novel  designs.  Many  models  capture  dozens  of  birds  at 
once,  and  some  have  multiple  chambers  to  increase  their 
capacity  and  prevent  escape.  Traps  should  be  placed 
where  they  will  not  be  disturbed.  They  should  be  baited 
(inside  and  around  the  trap)  with  a  food  preferred  by  the 
species  sought  and  provided  with  an  ample  water  supply. 
Pigeons  can  be  attracted  by  whole  corn*  house  sparrow 
by  finely  cracked  corn,  and  starlings  by  cracked  corn, 
peanut  butter,  or  apples,  Tr^ps  must  be  checked  daily. 
Several  calm,  healthy  birds  left  in  the  trap  to  serve  as 
decoys  will  often  increase  efficiency.  Protected  species 
should  be  handled  carefully  and  immediately  released. 
Nonprotected  birds  causing  a  pest  problem  should  be 
released  at  least  40  miles  away.  The  trap  can  be  covered 
with  a  tarpulin  (after  removal  of  protected  species  and 
decoys),  and  the  birds  killed  by  gas  through  a  hose 
connected  to  Che  exhaust  pipe  of  a  vehicle.  Dead  birds 
must  be  incinerated. 

r,  Live-trapping  and  release  is  a  socially  acceptable 
means  of  removing  birds.  Even  if  pest  birds  are  killed  by 
gassing,  live-trapping  is  Less  likely  to  cause  a  public 
relations  problem  than  poisoning.  Protected  species 
usually  can  be  released  unharmed,  although  frantic  birds 
may  be  injured  in  the  trap.  Live -trapping  is  expensive  and 
time  consuming,  because  it  requires  considerable 
persistence  to  be  effective  even  on  relatively  small 
populations  in  limited  areas.  Removal  is  not  a  permanent 
solution  Co  a  pest  problem,  as  other  birds  will  move  in  to 
fill  the  available  habitat,  Therefore,  eliminating  the 
habitat  is  the  preferred  solution. 

Pigeon  ira$s.  A  piegon  trap  consists  of  a  screened 
enclosure  wan  an  entrance  through  which  birds  arc  lured 
by  bait  and  live  decoys.  The  entrance  door  is  made  of 
lightweight  rods  that  only  swing  inward,  thus  preventing 
the  birds  from  leaving  the  enclosure. 

a.  Trapping  reduces  the  numbers  of  pigeons  feeding, 
roosting,  or  nesting  around  buildings.  Pigeon  traps  can 
be  constructed  of  wood  or  meshed  wire,  with  entrance 
bobs  made  of  aluminum  or  steel  wire  or  wooden  dowels. 
Figure  I- 14  illustrates  a  low-profile  trap.  Reconstructed 
individual  bobs  or  bobs  in  z  frame  can  be  obtained  from 
commercial  sources,  as  can  completely  assembled  traps 
of  various  styles, 

b.  Place  the  traps  near  feeding  or  roosting  locations, 
but  where  they  will  not  be  disturbed;  a  flat  rooftop  is 


often  a  good  location.  Observe  the  pigeons*  feeding 
habits  to  determine  suitable  trapping  locations;  for 
example,  if  they  are  feeding  in  open  fieldi*  place  the  traps 
in  a  field.  If  the  birds  have  been  feeding  near  the  runway* 
do  not  prebail  and  trap  in  this  area.  Instead  try  to  lure  the 
pigeons  to  an  grca  away  from  the  runway.  Post  sigm 
advising  people  to  remain  clear  of  the  trappingareft,  For 
bait,  use  preferred  food  such  as  cracked  corn  Or  other 
grain.  Spread  some  bail  around  the  door  of  the  trap,  and 
put  an  ample  supply  of  bait  and  water  inside.  Tie  the  bobs 
open  and  prebail  for  2  weeks  to  lure  the  pigeons  to  the 
food  source  and  allow  them  to  become  accustomed  to 
entering  the  traps.  After  the  prebaitir^  period,  untie  the 
bobs  to  activate  traps,  During  several  weeks  of  operation, 
check  the  traps  daily.  At  each  check,  remove  captured 
birds  to  await  transport  and  release,  leave  two  or  three 
healthy  birds  as  decoys,  and  replenish  food  and  water  ai 
necessary.  If  too  many  birds  are  left  in  the  trap,  all  bait 
will  be  consumed  and  few  other  birds  will  be  attracted. 
Try  to  leave  the  same  individuals  as  decoys  each  time  so 
that  they  will  become  tame.  Leaving  birds  with  distinctive 
color  patterns  will  facilitate  identification;  bright-colored 
birds  also  seem  to  be  more  effective  decoys  than  the  duller 
blue -gray  birds.  A  portable  holding  cage  may  be 
constructed  for  transporting  the  captured  birds,  Mark 
these  birds  with  indigo  red  dye  to  allow  recognition  of 
birds  returning  to  the  area.  Transport  birds  to  an 
appropriate  area  &t  least  40  miles  from  the  base  and 
release,  If  any  marked  birds  return  to  the  traps  or  the 
affected  building,  dispose  of  them  in  a  humanitarian 
manner  as  directed  by  the  hospital  commander.  After 
several  weeks  of  trapping*  another^prebaiting  period  is 
recommended,  followed  by  several  weeks  of  trapping.  If 
trapping  is  unsuccessful,  the  birds  must  be  destroyed, 

v.  Pigeons  with  [eg  bands  or  nonurget  species  such  as 
mourning  doves  can  be  released  unharmed.  Trapping 
docs  not  involve  the  hazards  associated  with  toxic 
chemicals.  Fairly  targe  numbers  of  birds  can  be  captured 
and  removed  during  proper  trapping  programs.  At  best, 
trapping  will  remove  only  75-80  percent  of  the  resident 
pigeons  in  any  area.  Results  are  not  rapid  and 
considerable  effort  is  required.  Removal  is  not  a 
permanent  solution  to  the  pest  bird  problem,  because 
other  birds  will  move  in  if  the  source  of  attraction 
remains.  Pigeons  are  not  federally  protected,  so  there  are 
no  legal  restrictions  on  the  capture  of  pigeons  by  live- 
trapping  in  most  localities.  In  some  areas,  however,  all 
birds  including  pigeons  are  protected  by  local  regula- 
tions. The  PM  should  contact  the  base  office  of  the  Staff 
Judge  Advocate  to  determine  permit  requirements. 

Modified  Australian  crow  trap.  This  type  of  trap  also  is 
known  as  the  center-drop  trap.  The  modified  Australian 
crow  trap  captures  birds  unharmed  by  luring  them  with 
bait  and  Live  decoys.  The  principle  is  that  bird  drops 
through  an  opening  at  the  bottom  on  the  V-shaped  top  of 
the  trap  to  take  the  bait  as  shown  in  figure  1-15.  When 
attempting  to  Leave,  they  go  up  into  the  ends  of  the  rtVrt 
instead  of  back  through  the  entrance  slots. 

a.  This  trap  is  an  effective  means  of  capturing  starl- 
ings, house  sparrows,  blackbirds,  and  other  problem 
birds  in  an  area  of  limited  si/e.  The  design  illustrated  In 
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figure  1-15  was  developed  for  starling  control  in 
orchards,  bui  ihe  trap  has  many  other  applications.  Ii  is 
very  successful  when  used  around  buildings  and  other 
man  made  structures  and  provides  an  appropriate  means 
of  capturing  protected  songbirds. 

h.  Traps  should  be  at  least  °  fcei  long,  6  Icet  wide,  and 
6  feel  high,  and  even  larger  if  practical  To  ensure 
effectiveness  and  prevent  escape,  the  inch  width  of 
the  entrance  slots  and  9  mch  minimum  clearance  at  both 
ends  are  critical.  Place  traps  in  the  open  rather  than  under 
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trees,  For  starlings  (as  well  as  many  other  birds),  the  traps 
can  be  bailed  with  rolling  apples*  finely  cracked  corn,  or 
feed  pellets.  Try  lo  bait  with  a  food  thai  the  birds  are 
accustomed  to  eating.  If  one  trap  location  or  type  of  bait 
is  unsuccessful,  try  another  The  irap  will  be  most 
effective  if  decoy  birds  (10  lo  12)  are  kept  in  the  trap.  It 
may  be  necessary  lo  capture  the  first  decoys  by  some 
other  means.  Provide  ihe  decoys  with  fresh  water.  Two 
suitable  water  containers  can  be  created  by  splitting  an 
old  rubber  lire  down  the  middle.  Traps  should  be  tended 
regularly. 
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c.  The  modified  Australian  crow  trap  is  probably  the 
best  live  trap  yet  devised,  simple  and  effective.  Protected 
species  usually  can  be  released  unharmed,  while  nOfl|, 
protected  species  can  be  killed  or  transported  and 
released.  Trapping  Jaige  populations  of  starlings  or  other 
birds  is  impractical  It  may  be  necessary  to  capture  decoy 
birds  by  other  means.  The  traps  are  large  and  may  require 
disassembly  before  moving  or  storage. 

Nest-hax  trap.  This  trap  looks  like  a  bird  house.  When 
a  bird  enters  the  box  toinvestigate.  its  weight  tips  a  device 
that  drops  it  into  a  bag  attached  to  the  bottom  of  the  trap- 
The  trap  is  then  automatically  reset  for  another  capture. 

a.  Nest-box  traps  are  used  to  reduce  local  numbers  of 
starlings  or  house  sparrows  duringlheir  ^reeding  season, 
Nest-box  traps  come  in  several  different  designs.  Plans 
for  a  trap  designed  to  capture  house  sparrows  are  shown 


in  figure  1-16.  For  starlings*  [he  opening  should  be  made 
2  inches  Instead  of  the  I  ),-2  inches  used  for  house 
sparrows.  When  constructing  the  trap,  the  front  wall 
should  be  put  on  and  fastened  by  screws  instead  of 
nails  <o  make  repair  easier.  Glue  pieces  of  hay  and 
feathers  to  the  back  of  ihe  chamber  Use  a  tightly  woven 
sack  to  receive  the  birds  as  they  are  captured.  Place  the 
trap  on  the  side  of  a  building  or  on  a  pole  where  the  sack 
can  hang  freely  and  be  easily  reached  with  the  use  of  a 
ladder  The  elimination  of  existing  nesting  sites  by  means 
of  exclusion  may  increase  the  effectiveness  of  the  traps. 

b>  En  a  limited  area,  nest-box  traps  can  effectively 
remove  house  sparrows  or  starlings  Live-trapping  is  a 
humane  method  and  does  not  involve  the  hazards 
associated  with  chemical  repellents  or  poisons.  Nest-box 
traps  will  probably  not  eliminate  all  the  pest  birds  in  any 
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1  area.  A  continuous  trapping  program  is  required.  Large- 
scale  trapping  programs  for  common  pest  species 
generally  are  considered  impractical.  These  traps  are 
effective  only  during  the  breeding  season.  This  type  of 
trap  should  not  be  used  in  areas  where  protected  species 
(chickadees  and  bluebirds)  are  likely  to  be  captured. 

Raptor  traps.  A  number  of  trap  designs  are  available  to 
capture  raptors  (hawks  or  owb).  Two  of  the  common 
designs  are  the  Verbail  pole  trap  and  the  BaJ-Chatri.  The 
Verbail  snares  birds  of  prey  by  the  feet  when  they  perch 
atop  a  pole.  The  BaJ-Chatri  uses  nooses  to  entangle  the 
feet  of  raptors  that  are  attracted  by  live  bait  in  a  cage. 

a.  If  hawks  or  owls  create  a  strike  hazard  and  cannot 
^  be  discouraged  from  frequenting  the  area  by  other  means 
~  such  as  elimination  of  their  food  supply,  -removal  of 

perches,  or  putting  sticky  repellent  or  spikes  on  the 
perches  it  is  possible  to  trap  them  alive  and  release  tffem 
elsewhere. 

b. m  A  raptor  trapping  program  can  be  conducted  only 
with  the  cooperation  of  the  U.S.  Fish  and  Wildlife 
Service.  Fish  and  Wildlife  Service  personnel  will  provide 
the  traps  or  the  specific  information  necessary  for 
construction.  Verbal  traps  are  set  on  top  of  posts.  The 
raptor  attempts  to  perch  on  the  post,  landing  on  a  trigger 

-  plate  which  causes  a  spring  to  loop  a  cord  around  the 
bird's  feet.  The  Fish  and  Wildlife  Service  also  uses  other 
types  of  pole  traps  specially  adapted  to  capture  birds  of 
prey.  The  Bal-Chatri  is  a  cage  constructed  of  hardware 
cloth  with  the  top  covered  by  a  number  of  slipknot  nooses 
of  monofilament  nylon  (fishing  line).  Different  sizes  of 
traps  are.  used  for  different  raptorV  A  live  lure  such  as  a 
mouse,  starling,  or  house  sparrow  (or  perhaps  a  rabbit, 
chicken,  or  pigeon  for  owls)  is  placed  inside  the  cage.  A 
raptor  landing  on  the  cage  gets  its  feet  tangled  in  the 
nooses.  Raptor  traps  should  be  observed  continuously  or 
checked  very  frequently  so  that  birds  can  be  removed 
before  they  are  injured.  Captured  birds  should  be 
transported  for  release  at  least  20  or  30  miles  away  to 
keep  them  from  returning. 

c-  Trapping  has  no  advantages  over  habitat  modifica- 
tion or  tactile  repulsion  techniques  for  discouraging 
raptors.  The  Bal-Chatri  has  several  advantages  in 
comparison  to  other  raptor  traps;  specifically*  it  is 
simple,  portable,  easier  to  construct  than  the  Verbail 
trap,  and  there  is  little  danger  of  accidentally  killing  the- 
birds.  Trapping  programs  require  considerable 
manpower  and  persistence.  Other  raptors  may  move  in  to 
replace  those  removed.  Habitat  modification  (mowing  to 
eliminate  the  habitat  of  the  prey  animals  which  attract  the 
raptors  and  removal  of  perches)  or  use  of  tactile 
repellents  on  the  perches  is  a  better  more  permanent 
solution  to  asirike  hazard  caused  by  raptors.  Rapiors  are 
protected  by  Federal  law,  and  permits  are  required  to 
capture  them.  Raptor  trapping  programs  must  be 
conducted  with  the  cooperation  of  ihe  U.S.  Fish  and 
Wildlife  Service. 

Ntftihg,  Bird? can  be  captured  by  various  types  of  nets, 
including  cannon  nets*  mist  nets,  and  floodlight  traps. 
The  cannon  net  use  rockets  or  mortar  projectiles  to  carry 
a  large,  light  net  over  a  flock  of  birds  attracted  by  bait. 
Mist  nets  are  made  of  fine  black  nylon  thread  (like  a 
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hairnet)  that  virtually  is  invisible  when  set  against  a  dark 
background.  The  mist  net  is  strung  between  two  upright 
poles,  to  capture  birds  in  flight.  The  floodlight  trap  is  a 
huge  funnel-shaped  net  (supported  by  a  frame)  into 
which  roosting  birds  can  be  driven.  The  funnel  narrows 
down  to  a  tent,  lit  by  floodlights,  which  functions  as  a 
holding  chamber. 

a.  The  cannon  net  was  designed  to  capture  waterfowl 
but  also  has  been  used  in  other  applications.  Mist  nets 
will  capture  small  birds  such  as  house  sparrows,  if  the 
nets  can  be  located  to  obstruct  the  birds*  normal  flight 
path.  The  floodlight  trap  was  designed  to  capture 
starlings  and  blackbirds  at  their  night  roosts.  Except  in 
special  circumstances,  netting  techniques  are  not  likely  to 
remove  enough  of  the  local  population  to  be  considered 
practical  for  bird  control 

b.  If  you  feel  a  particular  pest  situation  warrants  the 
use  of  a  netting  technique,  the  U.S.  Fish  and  Wildlife 
Service  should  be  contacted.  This  organization  can 
supply  information  on  the  availability  of  cannon  nets  Or 
floodlight  traps  in  a  given  locality.  Fish  and  Wildlife 
Service  personnel  also  will  cooperate  with  the  PM  in  a 
control  program  using  these  techniques. 

c.  These  netting  techniques  permit  the  capture  of  birds 
when  other  trapping  techniques  may  be  ineffective. 
Usually  these  techniques  will  not  catch  enough  birds  to 
effectively  control  a  pest  problem.  Their  use  is  limited 
and  not  practical  for  most  Air  Force  bases. 

Exercises  (C25d): 
1.  Match  the  control  method(s)  in  column  B  with  the 
appropriate  task  described  in  column  A.  Some 
methods  in  column  B  may  be  used  more  than  once. 

CoJumn  A  Column  B 

 0)  Trees  in  a  military  family  hous-  a.  Altering  the  concept. 

ingarcft  are  thinned  to  eliminate   b.  Altering  the  situation, 
roosting  sites  for  passerines,      c.  Exclusion. 

 (2)  Modified  Australian  crow  trap*   d.  Repulsion. 

are  placed  on  top  of  aircraft   e.  Removal, 
hangars  io  reduce  numbers  tA 
house  tparrows  roosting  in  mk 
hangar 

 (3)  At  a  western  U.S.  installation. 

burrowing  owls  arc  inhabiting 
burrows  from  an  abandoned 
pratiedog  colony  at  the  end  of 
an  active  runway.  Because  of 
the  hazard  they  present  to  air. 
craft,  the  burrows  ar?  plowed 
under  to  destroy  ihe  owls1 
nesting  habitat. 

 (4)  Migratory  waterfowl  are  using 

a  lata  next  to  the  airfield.  Be-  _ 
cause  of  the  temporal?  nature 
of  ihe  situation,  no  action  is 
(a Ken  to  repel  the  birds. 

 45]  Screening  is   installed   in  a 

hangar  superstructure  to  elimi- 
nate roosting  sites, 

  |6)  Gulls  and  crows  are  aitracietf 

to  food  openly  disposed  of  in  a 
dumpster  at  the  insiaJlatinn 
commissary.  Feeding  is  elimi- 
nated by  placing  open  food 
waste  in  plastic  bags  before 
disposal. 
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(7)  King-bilkd  gulU  art  mint  the 
airfield  fts  t  lotting  and  feeding 
tret.  The  decision  is  nude  to 
1  reduce  the  food  source  by 
'applying  iniectieides,  ming 
btoteouniei.  and  m*:nUining 
jrau  at  6-12  inches  in  height. 


What  is  the  most  permanent  solution  to  many  pest 
problems  near  airfields? 


3.  What  must  you  do  first  before  cutting  down  trees 
containing  active  raptor  nests? 


Which  type  of  exclusion  technique  should  be  used  to 
eliminate  water  fowl  and  gulls  from  drainage  ditches 
and  other  water  areas? 


5.  Which  type  of  exclusion  technique  is  being  used  to 
prevent  raptors  from  perching  on  runway  marker 
lights? 


14.  What  beneficial  characteristic  do  gas  operated  ex- 
ploders have  as  compared  with  1 2 -gauge  shotguns  or 
airburst?  ,  ^ 

15.  List  the  types  of  foods  that  should  be  used  to  bait  live 
tiaps  when  atarli  ngs  are  the  bird  species  to  be  caught, 


16.  At  what  minimum  distance  from  the  area  trapped 
shoulo^nonproiected  birds  be  released? 

17,  H  ow  can  captured  birds  be  marked  to  allow  recogni- 
tion of  returning  birds  to  the  trapping  area? 


18.  List  the  two  common  designs  of  raptor  traps,  and 
briefly  explain  how  they  operate. 


19.  Whom  must  you  cooperate  with  before  a  raptor 
trapping  program  can  be  conducted? 


6.  Repulsion   techniques  are   most   eflective  with 

 birds  and  are  more 

effective  with  or  

birds  than  with  those  that  are  nesting. 

7.  In  dispersing  loafing  gulls  with  recorded  sound,  what 
is  the  minimum  distance  the  vehicle  is  driven  to  the 
birds? 

8.  What  is  likely  to  happen  to  birds  when  a  distress  call 
tape  is  allowed  to  ran  continuously? 

9.  List  the  characteristic  that  is  essential  to  the  12-gauge 
shotgun  when  used  to  project  scare  cartridges. 

10.  When  using  pyrotechnics,  what  safety  equipment 
must  be  worn? 

II  When  transporting  M74A1  Airbursts.  what  type  of 
warning  device  is  used  on  the  vehicle  and  how  many 
are  required? 

12.  What  type  fire  extinguishers  must  always  be  avail- 
able when  using  pyrotechnics,  and  how  many  are 

required? 

13.  Pyrotechnic  devices  are  most  effective  when  they  are 
used  in  conjunction  with  what  other  repulsion 
technique? 


C25e  (C41  —  for  CE  and  feedback  reference  only.) 
Explain  general  principles  of  pest  *nd  hazardous  bird 
surveys. 

Before ^any  bird  problem  can  be  controlled  effectively 
and  efficiently,  it  must  first  be  identified  and  evaluated. 
For  many  types  of  peat  bird  problems,  it  is  importantto 
For  many  types  of  pest  bird  problems,  it  is  important  to 
begin  a  control  program  while  the  problem  is  just 
beginning  to  develop  or  even  before  it  begins.  You  should 
inspect  the  entire  air  base  at  least  once  a  month 
throughout  the  year.  During  spring  and  fall,  when  birds 
are  migrating  through  the  area,  daily  spot  checks  are 
needed  in  addition  to  the  monthly  inspections. 

Surveying  a  Bird  Management  Problem-  Iti  order  to 
conduct  an  effective  survey,  you  must  establish  certain 
objectives  to  guide  you.  Some  suggestions  that  you  may 
use  are  as  follows: 

Bird  somes  identification.  A  primary  objective  of  the 
survey  is  to  properly  identify  bird  species  that  may  create 
damage  problems  or  strike  hazards.  Some  species  or 
species  groups  (such  as  gulls  and  blackbirds}  are  more 
likely  to  become  involved  in  pest  situations  than  other 
birds  and  different  birds  will  visit  a  given  locality  at 
different  times  of  the  year.  During  periodic  surveys  you 
should  watch  for  the  arrival  of  problem  birds  and  to  be 
ready  to  begin  a  control  program  before  the  birds 
establish  a  pattern  for  the  season. 

Existence  of  bird  problems.  The  second  objective  of 
■the  survey  is  to  determine  if  a  problem  exists.  The 
presence  of  birds*  even  in  large  numbers,  is  not  a  problem 
unless  the  birds  are  creating  a  strike  hazard,  a  health 
hazard  of  causing  damage  to  buildings  or  equipment.  If  a 
problem  exists,  you  must  decide  whether  an  active 
management  program  is  needed.  During  migration,  the 
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birds  may  soon  leave  on  their  own.  In  other  cases,  the 
expense  of  a  management  program  might  exceed  the  cost 
of  the  damage  that  would  result  if  nothing  were  done. 

identification  of  bird  behavior  patterns.  Another 
objective  of  the  survey  is  to  specifically  identify  the 
behavior  patterns  of  birds  that  are  causing  the  damage  or 
hazard,  The  PM  must  determine  specifically  what  the 
birds  arc  doing,  H/terethcyare  doing  it  and  when  they  are 
doing  it.  For  example,  are  birds  a  problem  because  they 
feed  near  the  runway,  attempt  to  nest  in  aircraft,  or  roost 
near  a  housing  area?  These  ate  examples  of  bird  behavior 
that  may  cause  problems  because  of  the  location  in  which 
the  birds  carry  out  their  activities.  The  time  of  day  and 
time  of  year  also  can  be  important  factors  in  the  behavior 
patterns  that  must  be  identified  during  thesurveys,  When 
are  the  birds  doing  the  feeding,  nesting,  or  roosting  that 
causes  the  problem? 

Relationships  between  birds  and  the  airdrome  en* 
\ironmertt.  Another  objective  of  the  survey  is  to  analyze 
the  relationship  between  the  birds  and  the  airdrome 
environment  so  that  you  can  determine  specifically  what 
is  attracting  the  birds  that  are  causing  the  problem.  Birds, 
in  general,  need  four  things;  food,  water,  a  place  to  nest, 
and  a  place  to  escape  their  enemies  or  avoid  harsh 
weather.  During  the  periodic  surveys,  you  should 
determine  which  of  these  four  things  is  attracting  the 
problem  birds.  More  than  one  factor  could  be  important 
to  any  situation.  However,  quite  frequently  only  one  of 
these  factors  is  the  main  attraction;  if  it  can  be  eliminated 
by  means  of  habitat  manipulation,  the  pest  problem  will 
be  solved. 

Survey  Checklist,  Along  with  conducting  surveys,  you 
need  to  devise  a  checklist  to  maintain  historical  data  on 
pest/  hazardous  bird  species  on  your  base.  In  addition  to 
helping  you  identify  and  evaluate  a  pest  problem  and 
decide  if  active  control  is  needed,  these  checklists 
document  the  inspection  and  should  be  saved  for 
reference  when  future  pest  problems  arise  or  when  the 
same  problem  recurs.  Pest  problems  change  with  time, 
Therefore*  it  is  very  important  to  fill  out  both  the  date 
and  time  of  day  at  the  top  of  the  checklist  Weather 
conditions  also  should  be  recorded  because  they  affect 
the  bird  activities.  Some  suggestions  to  help  you  devise  a 
checklist  arc  as  follows. 

Types  of  habitat.  This  item  on  the  checklist  can  serve 
two  purposes.  First,  you  should  list  thediffcrent  types  of 
habitat  present  on  your  base.  It  should  be  noted  here  that 
bird  habitats  vary  from  base  to  base.  Second*  when  spot 
checks  are  conducted  in  addition  to  the  periodic  complete 
Inspections,  this  item  permits  you  to  check  specific  areas 
that  were  inspected. 

Inspection  of  building  features  for  evidence  of  pest 
birds.  You  should  list  building  features  (all  types  of 
ledges,  ventilators,  beams,  rafters,  etc)  that  frequently 
are  used  for  nesting  or  roosting  by  pigeons,  starlings  or 
house  sparrows.  For  each  feature*  the  species  and 
number  of  birds  seen  arid  the  presence  of  bird  droppings 
or  nest  material  can  be  indicated  on  the  checklist  during 
inspections  of  housing  areas,  hangars,  and  other 
buildings.  Try  to  sketch  ihc  situation  as  wctt  as  describe  it 
in  words, 
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Other  pest  bird  problem  evidence.  This  item  is  used  to 
document  evidence  of  other  types  of  potential  damage  or 
hazards  such  as  reports  or  complaints,  birds. loafing  ot 
feeding  on  or  near  runways,  and  birds  crossing  the  flight* 
path  of  aircraft.  You  personalty  should  investigate 
complaints  before  beginning  a  control  program. 

Summary  of  birds  observed.  Here  you  should  record 
the  species  numbers,  location,  and  activity  of  birds 
observed  during  the  inspection.  Remember  that  a 
Federal  permit  is  required  before  beginning  a  control 
program  that  might  affect  any  protected  bird  species,  A 
map  of  the  airbase  and  surrounding  area  showing  the 
locations  of  bird  concentrations  and  attractive  habitat 
features,  as  well  as  the  movement  patterns  of  the  birds 
observed,  can  be  used  to  supplement  data  recorded  on 
your  checklist.  Figure  1-17  is  a  sample  bird  survey  form 
(including  a  runway  diagram)  which  could  t  help 
document  bird  problems. 

Economic  damage  and  health  or  safety  hazard.  This 
item  requires  careful  analysis  of  the  situation.  Is  damage 
being  caused  that  will  cost  money  to  repair,  or  is  it  just  a 
nuisance  situation?  Is  a  hazard  to  aircraft  or  people  being 
caused  by  the  presence  or  activity  of  the  birds? 

Attraction  of  problem  birds.  You  should  check  the 
ecological  factor  or  combination  of  factors  that  attracts 
the  birds  to  the  particular  locality  where  they  are  a 
problem.  Careful  field  observation  is  required;  do  not 
jump  to  conclusions. 

Length  of  bird  problem.  Here  on  your  checklist  you 
should  record  how  lon^  the  problem  hasexistad.  Refer  to 
checklists  completed  during  previous  inspections  and  ask 
questions  of  personnel  who  have  been  working  in  the 
area. 

Season(s)  of  the  year  problems  exist.  This  item  is  used 
in  the  same  manner  as  the  previous  item;  record  the 
season  or  seasons  of  the  year  you  encounter  bird 
problems.  Again,  previous  inspections  will  aid  you. 

Resident  or  transient  birds.  If  you  are  in  doubt  as  to 
whether  the  bird  problem  is  caused  by  resident  or 
transient  birds,  you  may  consult  with  State  or  U.S.  Fish 
and  Wildtifc  Service  biologists  who  will,  after  complete 
identification  of  bird  species,  determine  whether  the  birds 
are  residents  ot  just  passing  through  the  area.  This 
answer  will  help  determine  the  need  for  an  active 
management  program. 

Time  frame  of  bird  problem.  You  should  record  the 
time  of  day  when  a  problem  occurs  to  help  determine 
wnether  a  strike  hazard  can  be  avoided  by  careful  mission 
scheduling.  A  graph  with  bird  numbers  plotted  against 
time  of  day  will  help  evaluate  this  possibility. 

Active  management  program*  You  heed  to  evaluate 
the  need  for  an  active  management  program.  Determine 
if  the  situation  warrants  the  time  and  expense.  Consider 
the  alternative  of  taking  no  action*  and  predict  what 
would  happen.  Take  all  available  evidence  and  past 
experience  into  account,  and  do  not  jump  to  conclusions. 
U^ouare  not  sure*  say  so. and  collect  cnore  information. 

Management  approaches.  Here  vou  should  check  each 
approach  to  management  (control)  as  consideration  is 
given  to  it.  This  should  be  done  with  reference  to 
behavioral  objective  C25d.  which  describes  the  various 
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techniques  available  within  each  of  the  five  approaches. 
Consider  each  approach  in  turn,  and  reject  only  those 
that  contain  no  acceptable  technique  for  the  specific 
problem  at  hand. 

Exercises  (C25e); 

1-  For  the  many  types  of  pest  bird  problems,  when  is  it 
most  appropriate  to  start  control  program? 


2,  What  two  characteristics  should  you  employ  to 
anticipate  the  arrival  of  problem  birds? 


3,  Briefly  explain  why  bird  behavior  patterns  may  cause 
problems. 


4.  Briefly  explain  the  four  factors  that  could  attract  birds 
to  the  airdrome  environment  and,  if  possible*  what 
method  of  elimination  should  be  used  to  solve  the 
problem? 


5.  Explain  why  a  survey  checklist  is  essential  in  relation- 
ship to  bird  problems. 
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CHAPTER  2 

Vegetative  Pests 


WEEDS  ARE  "PLANTS  out  of  place."  For 
example*  a  farmer  who  raises  wheat  takes  pride  in  a 
good  stand.  Yet,  the  farmer's  wife  will  quickly  extract 
the  same  plant  from  her  zinnia  bed. 

On  an  Air  Force  base  or  installation,  there  are  areas 
where  plants  are  desirable,  including  lawns,  golf 
courses,  road  embankments,  railroad  right-of-ways, 
and  runway  shoulders.  In  these  ar-as  we  control  the 
weeds. 

There  are  also  areas  where  any  vegetation  is 
undesirable.  Seme  of  these  areas  are  around  fuel,  oil, 
and  paint  storage  areas;  certain  buildings  and  shops; 
under  fences;  and  along  roads  and  railroads.  Some 
vegetation  control  along  drainage  and  irrigation 
ditches  is  also  required. 

This  chapter  covers  the  growth  habits  and 
propagation  of  plants  and  describes  important 
aquatic,  woody,  grassy,  and  herbacious  broadleaf 
plants  and  their  control. 

2-1.  Weed  Growth  and  Propagation 

This  action  covers  the  growth  habits  and 
propagation  of  plants  in  general  to  provide  you  with  a 
basis  for  further  discussion  of  aquatic  and  other  types 
of  plants  and  their  control. 

C26,  List  and  explain  briefly  the  growth 
characteristics  that  enable  weeds  to  persist. 

Growth  Characteristics.  The  most  important  growth 
characteristic  of  weeds  is  their  ability  to  thrive  in 
cultivated  land.  Other  features  that  contribute  to  the 
successful  growth  of  unwanted  plants  and  to  their 
ability  to  persist  in  spite  of  human  efforts- to  the 
contrary  include: 

•  Underground  roots  or  stems. 

•  Abundant  seed  production. 

•  Rapid  growih. 

•  Competitive  ability. 

•  Unpalatabifity  to  livestock, 

Underground  roots  or  stems.  Unwanted  plants  with 
underground  roots  or  stems  will  persist  from  year  to 
year  even  though  seed  production  is  prevented.  The 
underground  parts  of  some  plants  will  spread  in  all 
directions,  sending  up  aerial  stem  buds  at  intervals. 
These  plants  are  spread  and  actually  favored  by 
cultivation,  since  cultivation  spreads  small  pieces  of 
roots  over  other  areas. 


Abundant  seed  production.  Many  plants  can 
produce  thousands  of  seeds,  and  some  of  these  seeds 
can  live  in  the  soil  from  10  to  50  years. 

Rapid  growth.  Some  plants  (weeds)  are  capable  of 
growing  to  maturity  and  setting  seed  within  a  short 
period  of  time  <  1  to  2  months).  For  this  reason,  seeds 
are  formed  before  adequate  control  measures  can  be 
established. 

Competitive  ability.  Some  plants  can  overtake  and 
retard  other  plants  even  though  the  latter  have  a 
headstan.  For  this  reason,  they  are  often  successful  in 
outcompeting  other  plants  for  light.  In  addition, 
certain  weeds  have  requirements  for  mineral  nutrients 
and  water  that  exceed  those  of  desirable  plants. 

Vnpalatabihty  to  livestock.  Frequently,  pasture 
weeds  are  distasteful  or  poisonous  to  animals.  Often 
they  are  protected  by  spines  or  similar  structures.  For 
these  reasons,  they  are  free  to  reproduce  and  spread 
unimpeded  to  areas  where  they  are  even  less  desirable.  ■ 

Exercises  (C26): 

1.  What  is  the  most  important  growth  characteristic  of 
weeds? 


2.  List  other  growth  characteristics  of  weeds  and 
explain  briefly  why  they  enable  weeds  to  persist. 


C27.  Associate  the  names  of  certain  plants  with 
statements  pertaining  to  their  propagation  and 
identification. 

Annuals.  Annuals  are  plants  that  mature  in  one 
season.  They  are  propagated  by  seed.  Foxtail, 
crabgrass,  ragweed,  wild  buckwheat,  and  several 
mustards  are  examples. 

Foxtail.  The  foxtails  are  grasses  of  roadsides  and 
waste  places.  They  are  striking  plants  because  of  their 
dense,  cylindrical,  spikelike  inflorescences  (seed 
heads).  The  yellow  foxtail  is  shown  in  figure  2-1.  This 
plant  is  distinguished  by  the  tawny  color  of  the  spikes. 

Crabgrass.  An  example  of  crabgrass  is  shown  in 
figure  2-1  Crabgrass  Is  an  annual  plant  that  flourishes 
midsummer  to  fall.  It  is  highly  branched  with  the  stem 
prostrate  and  rooting.  The  inflorescence  is  a  terminal 
cluster  of  spikes.  The  seeds  are  slightly  hairly. 
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Figure  2  L  Yellow  fojuaLL 

Ragweed.  You  have  probably  come  in  contact  with 
ragweed  sometime  during  your  life.  The  ragweed  is  one 
of  the  plants  that  gives  hayfever  sufferers  much 
trouble.  You  can  see  this  plant  in  figure  2-3.  The 
ragweed  is  an  annual  weed  of  rural  and  urban  waste 
areas.  The  plant  is  erect  and  branched  and,  depending 
upon  the  species,  may  be  from  1V5  to  feet  tall.  The 
leaves  (pennate)  are  formed  of  leaf  parts  arranged 
featherlike  along  each  side  of  a  leaf  stem*  They  show  a 
great  deal  of  variation  from  species  to  species.  The 
yellow  flowers  are  borne  on  tall  spikes. 

Wild  mustard.  This  plant,  shown  in  figure  2-4,  is  an 
annual  weed  of  waste  areas  and  cultivated  ground.  It  is 
a  low  plant  with  many  branches.  The  four-petaled 
yellow  flowers  develop  into  numerous  siliques 
(capsulations).  These  contain  the  smooth,  black, 
globular  seeds, 

Shepherd's  purse.  This  weed,  shown  in  figure  2-5,  is 
one  of  the  most  widely  distributed  weeds  in  the  world. 
This  plant  can  be  either  an  annual  or  a  winter  annual, 
(germinates  in  the  fall,  lives  over,  winter*  and  matures 
early  the  next  season)  in  lawns,  gardens,  or  waste  areas. 
The  plant  has  a  basal  rosette  of  deeply  toothed  leaves, 
with  a  few  arrow-shaped  leaves  on  the  erect  stalk.  The 
seed  pods  or  "purses"  are  also  on  the  stalk.  The  seed 
pods  form  from  terminal  white  flowers,  and  they 
contain  numerous  yellowish  seeds. 

Biennials.  Biennials  require  two  seasons  tocomplete 
the  reproduction  cycle,  Their  growth  period  is  longer 


than  that  of  winter  annuals.  Since  they  are  propagated 
by  seed  only,  seedlings  can  be  treated  as  the  seedlings  of 
annuals. 

Common  mullein,  shown  in  figure  2-6,  is  also  known 
as  Jacob's  staff,  torch  plant,  and  flannel  leaf.  Common 
mullein  is  a  biennial,  and  it  produces  its  rosette  of 
velvety  basal  leaves  in  the  first  year.  In  the  seeond  year, 
it  sends  up  its  stalk  on  which  is  borne  a  terminal  spike 
of  yellow  flowers:  Burdock,  evening- prim  rose, 
common  mullein  and  yellow  goatsbeard  are  biennials. 

Perennlah.  Perennials  arc  plants  that  live  more  than 
2  years.  Many  have  several  means  of  perpetuation. 
They  are  provided  with  storage  organs  in  the  form  of 
stolons  (prostrate  stems),  rhizomes  (underground 
stems),  bulbs,  crowns,  and  roots.  Hie  perennial  weeds 
with  creeping  roots  or  stems  arc  the  most  noxious. 
Supplies  of  food  are  laid  up  in  these  organs  by  the  plant 
to  feed  a  new  growth  the  next  year.  The  new  shoot 
comes  from  a  bud  and  lives  on  stored  food  until  it 
becomes  established.  Unlike  the  annual  plant*  the 
topgrowth  of  a  perennial  may  be  killed  and  still  she 
plant  can  live  and  propagate  itself  because  of  its 


Figure  2-2.  Crabgrass, 
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Buttercup.  This  weed  is  most  commonly  found  in 
shady,  moist  areas,  such  as  pastures,  woodlands,  and 
ditches.  Notice  in  figure  2-9  that  the  sterna  are  slender 
and  branched  from  the  b?se.  The  lower  leaves  are 
round,  on  long  petioles,  and  the  upper  leaves  are  often 
divided  into  leaflets/The  flowers  are  small  and  yellow. 

Yellow  nut  grass.  This  weed,  shown  in  figure  2-10,  is 
a  perennial  weed  infesting  lawns.  Its  name  comes  from 
the  riutlike  tubers  found  on  the  roots  of  the  mature 
plants.  The  stem  is  yellow-green  and  triangular  in  cross 
section,  Whenyou  look  down  on  the  plant,  the  leaves 
appear  in  three  ranks,  corresponding  to  the  three  sides 
of  the  stem. 


Figure  2-6.  Common  mullein, 

storage  organs.  To  control  this  vegetative 
reproduction,  the  food  reserves  must  be  materially 
reduced  or  the  storage  organs  destroyed.  The  food 
stored  by  the  plant  is  the  excess  manufactured  by  the 
green  leaves  and  stems  over  and  above  what  is 
necessary  for  growth:  therefore,  if  photosynthesis  can 
be  prevented*  the  buildup  of  reserves  will  be  curbed. 
For  control  of  perennials,  the  new  growth  is  allowed  to 
draw  on  food  reserves  untU  it  becomes  sufficiently 
established  to  manufacture  its  own  food  and  then  the 
topgrowlh  is  killed.  Quackgrass,  Canada  thistle, 
Johnson  grass,  buttercup,  and  nutgrass  are  perennials. 

Canada  thistle.  This  plant  is  possibly  the  most 
noxious  perennial  weed  in  the  United  States.  It  grows 
up  to  a  yard  high,  with  grooved,  hairy  stems  and 
irregularly  lobed  or  toothed  leaves.  The  root  system  is 
deep,  wide,  and  spreading.  The  plant  blooms  in  late 
spring  and  summer,  depending  upon  location,  and 
produces  small  lavender  flower  heads.  Figure  2-7 
illustrates  the  Canada  thistle. 

Johnson  grass.  Another  weed  is  Johnson  grass. 
Johnson  grass,  shown  in  figure  2-8,  is  a  perennial  weed 
posing  a  big  problem  in  the  southern  part  of  the  United 
States.  It  is  3  to  6  feet  tall,  and  has  wide  leaves  with  a 
thickened,  light-colored  midvein.  The  panicle  is  loose 
and  turns  reddish  at  maturity. 


Exercises  (C27): 

J.  Match  the  plant  types  in  column  B  with  the 
statements  pertaining  to  the  propagation  and 
identification  of  plants  in  column  A. 


Column  A 

.a.  Annual  weed  of  waste 
areas  and  cultivated 
ground,  with  four 
pleated  yellow  (lowers 
containing  smooth* 
black,  globular  seeds 

.  b.  Possibly  the  moat  nox- 
ious perennial  weed  in 
the  United  States.  It 
grows  up  to  a  yard  high* 
with  grooved  hairy 
items  and  irregularly 
lobed  or  toothed  leaves, 

t.  The  item  is  yellow-green 
and  triangular  in  cross- 
section, 

.d>  Most  commonly  found 
in  shady  moist  areas* 
such  as  pasiurei, 
woodlands,  and  ditches. 

,  e.  Gives  hayfever  suffers 
much  trouble, 

.  f.  One  of  the  most  widely 
distributed  weeds  in  the 
world.  The  seed  pods 
form  from  terminal 
white  (lowers  and  con- 
tain numerous  yellowish 
seeds. 

-g/  Also  known  as  Jacob's 
staffs  torch  plant,  and 
flannel  leaf. 

-h.  Highly  branched  with 
the  stem  prostrate  and 
rooting.  The  in- 
florescence is  a  terminal 
cluster  of  spikes;  the 
seeds  are  slightly  hairy. 

,  i.  Grasses  of  roadsides  and. 
waste  places.  They  are 
striking  plants  due  to 
their  dense,  cylindrical, 
upikehke  in  florescences. 

O  Three  to  6  feet  tail,  and 
has  wide  leaves  with  a 
thickened.  light-colored 
midvein. 


Column  B 

Shepherd's  purse. 
Canada  thistle. 
Yellow  nutgrass. 
Foxtails. 
Wild  mustard. 
Common  mullein. 
Buttercup. 
Craograss. 
Johnson  grass. 
Ragweed. 
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2-2,  Aquatic  Plants 

Aquatic  plants  arc  becoming  a  major  problem 
within  the  United  States.  Almost  everyone  becomes 
concerned  with  aquatic  plants  at  one  time  or  another 
because  each  body  of  water  from  roadside  ditches  to 
the  largest  lakes  support  aquatic  vegetation.  Control  of 
these  plants  is  essential  in  all  aspects  of  water  use* 
including  irrigation,  drainage*  animal  consumption, 
recreation i  pollution  and  public  health. 

C29.  Distinguish  between  correct  and  incorrect 
statements  that  pertain  to  the  growth  and 
characteristics  of  aquatic  plants,  ind  explain  why  the 
incorrect  ones  ire  not  true. 

Types,  Growth,  and  Characteristics  of  Aquatic 
Plants.  As  the  term  implies,  aquatic  plant's  are  plants 
that  grow  in  water.  These  same  plants  become 
recognized  as  aquatic  weeds  when  they  interfere  with 
the  intended  use  of  the  area  in  which  they  are  located. 

Aquatic  plants  are  generally  classified  into  three 
groups:  (1)  floating,  (2)  submersed,  and  (3)  cmcrsed, 

Floating  plants.  Floating  plants  are  plants  that 
germinate  in  the  bottom  of  a  body  of  water  at  first  and, 
soon  after  germinating,  become  separated  from  the  soil 
and  float  on  the  surface  of  the  water.  Once  they  have 
become  separated  from  the  soil,  they  are  no  longer 
dependent  upon  the  soil. 

Submersed  plants.  Submersed  plants  are  aquatic 
plants  thai  complete  their  entire  life  cycle  below  the 
water  surface.  However,  some  of  these  plants  may  have 
floral  parts  that  extend  above  the  water  surface.  Most 
of  these  plants  are  rooted,  but  some,  such  as  algae,  are 
not  rooted. 

Brazilian  el  ode  a,  widgeongrassi  common 
bladdewort,  valKsneria,  coontail,  marine  naiad,  and 
broadleaf  watermilfoll  are  examples  of  common 
rooted  submersed  aquatic  plants. 

Emersed  plants.  Emerged  plants  are  plants  that  arc 
firmly  rooted  to  the  soil  on  the  bottom  of  bodies  of 
water  During  normal  growth,  these  plants  extend 
above  the  water  surface.  * 

Spatterdeck,  fragrant  waterlily,  American  lotus, 
watershield*  pickerclwced,  arrowhead,  buttonrush, 
cattail,  softstem  bulrush,  softrush*  maidencane, 
torpedograss,  saw  grass,  foxtail*  and  reed  are  common 
examples  of  cmcrsed  aquatic  plants. 

Exercises  (C2S): 

Identify  the  following  statements  as  being  correct  (C) 
or  incorrect  (1).  Explain  any  incorrect  statements. 

 I.  Floating  plants  germinate  at  the  bottom  of  a 

body  of  water  and  float  to  the  surface,  but  are 
still  dependent  upon  the  soil, 


 2,  Submersed  plants  are  aquatic  plants  that 

complete  their  entire  life  cycle  below  the 
surface  of  the  water.  / 


 3.  Some  submersed  plants  have  floral  parts  above 

the  water  surface. 


 4.  Emersed  planus  are  firmly  rooted  to  the  soil  on 

the  bottom  of  bodies  of  water  and  no  pan  of  the 
plant  shows  above  the  surface. 


C29.  Complete  given  statement*  concerning 
mechanic*]*  biological,  and  chemical  measures  that 
may  be  implemented  for  controlling  aquatic 
vegetation. 

The  control  of  aquatic  plants  is  based  upon  the  type 
and  location  of  the  plants  to  be  controlled,  Controlling 
aquatic  plants  presents  many  problems  for  you 
because  controls  often  affect  other  aquatic  life. 
Although  chemical  control  methods  are  most  popular, 
most  aquatic  plants  can  be  controlled  effectively  by 
mechanical  methods,  even  though  these  methods  are 
generally  more  expensive  and  slower  than  chemical 
methods,  Biological  control  is  also  used  on  a  limited 
basis. 

Mechanical  Control.  Mechanical  control  methods 
for  aquatic  plants  include  pulling, chaining*  dredging, 
drying,  burning,  and  moving.  The  methods  you  use 
should  depend  on  the  size  of  the  area,  type  of  terrain, 
and  availability  of  equipment  and  operators, 

Pulling  or  raking.  Small  bodies  of  water  can  be 
temporarily  rid  of  aquatic  plants  by  hand  pulling  or 
raking  the  plants  from  the  water 

Chaining.  Aquatic  plants  can  be  removed  from 
canals  and  drainage  systems  by  dragging  a  heavy  chain 
between  two  tractors  on  opposite  banks.  The  chain 
should  be  towed  in  one  direction  and  then  back  in  the 
opposite  direction  to  be  most  effective.  Dragging  the 
chain  through  the  water  will  detaeh  rooted  submersed 
plants  and  emersed  plants  from  the  bottom  of  the  body 
of  water.  Once  these  plants  have  been  detached  from 
the  bottom  they  should  be  removed  from  the  water  by 
raking. 

Dredging.  Dredging  seems  to  be  equally  effective  for 
ail  types  of  aquatic  vegetation  but  must  be  used  very 
cautiously,  Equipment  used  for  dredging  should  he 
equipped  with  weeding  forks  instead  of  the  normal 
bucket.  Although  dredging  operations  arc  very 
effective  for  removing  aquatic  vegetation*  they  are  not 
very  advantageous  in  other  aspects.  Removing 
vegetation  by  dredging  also  removes  mud  along  with 
the  weeds,  therefore  enlarging  and  deepening  the  water 
holding  area  causing  a  change  in  capacity. 
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Drying,  Many  submersed  aquatic  wecdsi  especially 
those  in  hot,  arid  regions  may  be  controlled  effectively 
by  drying.  This  method  is  often  objectionable  because 
it  requires  complete  drainage  of  the  area,  which,  in 
most  instances,  must  be  accomplished  when  the  water 
is  needed  the  most. 

Burning.  Burning  Is  an  effective  mechanical  control 
measure  for  controlling  young  succulent  plants  along 
canals  and  drainage  ditches.  Burning  is  most  generally 
accomplished  by  searing  the  plants  first,  then  finishing 
the  bum  a  week  or  two  later 

Mowing*  Providing  banks  are  smooth  enough,  not 
too  steep,  and  relatively  unobstructed!  mowing  can  be 
used  to  control  aquatic  vegetation  growing  along  the 
sides  of  canals  and  drainage  systems.  Specially 
designed  power-driven  weed  saws  and  weed  cutters  can 
be  used  to  control  rooted  submersed  plants  and 
emersed  plants  within  bodies  of  water. 

Chemical  Control.  Approved  chemicals  may  be 
applied  in  the  form  of  sprays  or  granules.  Porous  bags 
that  contain  chemicals  can  be  dragged  through  the 
water  until  the  chemical  has  dissolved.  Chemicals  can 
even  be  applied  over  iced  areas  in  the  same  manner  you 
would  treat  a  field.  As  the  ice  melts,  the  chemical  is 
released  slowly  into  the  water.  Copper  sulfate,  if 
applied  correctly!  can  be  used  and  is  very  effective  for 
controlling  algae.  Aromatic  oils  are  also  often  used  for 
controlling  aquatic  weeds  in  irrigation  canals. 
Additional  chemicals  and  applications  for  controlling 
aquatic  vegetation  are  provided  in  Appendix  A  of  the 
supplement  to  Volumes  4,  5,  6,  and  7. 

Biological  Control,  There  are  certain  fish  and  snails 
that  feed  on  many  aquatic  weeds  and,  at  times,  they 
will  virtually  eliminate  aquatic  weeds  in  ponds  and 
lakes.  Carp  and  sunfish  are  very  important  in  reducing 
aquatic  vegetation  and  the  Marisa  cornuarietis  snail 
has  shown  premise  in  controlling  aquatic  weeds  in 
Florida. 

Exercises  <C29>: 

1,  Pulling!  chaining,  dredging,  drying,  burning  and 

mowing  are  examples  of  control  of  aquatic 

plants, 

2,  The  methods  used  will  depend  on  the  of  the 

area,  type  of  ,  and  availability  of 

and  

3,  Aquatic  plants  can  be  removed  from  and 

  systems  by  dragging  a  heavy   

hetween  two     .       on  opposite  banks. 

4  Dragging  a  chain  through  the  water  will  detach 

 submersed  plants  and  plants  from 

the  bottom  of  a  body  of  water, 

5.  When  chaining  aquatic  plants!  the  chain  should  be 
towed  in  one  direction  and  then    in  the 


6.  Once  plants  have  been  detached  from  the  bottom, 
they  should  be  removed  by  

7  Equipment  used  for  dredging  should  be  equipped 
with  instead  of  the  norma] 
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8,  Removing  vegetation  by  dredging  also  removes 

 along  with  the  weeds,  therefore  enlarging 

the  water  holding  area  causing  a  change  in  the 

9,  The  drying  method  for  control  of  aquatic 
vegetation  is  objectionable  because  it  requires 

of  the  area, 

10,  Burning  is  most  generally  accomplished  by  

the  plants  first  then  finishing  the  3  week  or 

two  later 

11,  Mowing  can  be  used  to  control  aquatic  vegetation 

growing  along  the  of  canals  and  drainage 

systems, 

12,  Specially  designed  power-driven   .  

and  weed  can  be  used  to  control  rooted 

submersed  plants  and  plants  within  bodies 

of  water, 

13,  Approved  may  be  applied  in  the  form  of 

 or  

14,   bags  that  contain  can  be  

through  the  water  until  the  chemical  has  

15,  There  are  certain  and  that  feed  on 

many  aquatic  weeds  and.  at  times,  will  virtually 
 those  weeds  in  ponds  and  lakes, 

2-3.  Woody  Plants 

For  the  most  part,  woody  plants  that  occur  on  Air 
Force  bases  have  been  planted  or  left  alone  to  aid  in 
base  beautification  or  as  wind  breaks.  In  most  cases, 
woody  plants  are  more  of  a  problem  in  forestry  and 
range  management;  however,  they  can  be  a  serious 
problem  along  streets,  fence  rows,  ditchbanks, 
railroads!  power  lines,  and  water  and  sewer 
distribution  systems. 

This  section  provides  you  with  the  general  growth 
and  characteristics  of  woody  plants  and  outlines  the 
general  control  measures  that  you  can  use  to  control 
woody  plants  when  necessary, 

C3D.  Discriminate  between  true  and  false  statements 
pertaining  to  the  characteristics  and  control  of  woody 
plants,  and  correct  those  that  are  false. 

Characteristics  and  Control  of  Woody  Plants, 
Woody  plants  are  plants  that  have  thick  trunks, 
relat  ely  sturdy  branches,  and  bark-like  coverings. 
Woody  plants  include  trees,  shrubs,  and  vines.  Trees 
are  normally  regarded  as  being  large  woody  plants  that 
have  a  single  stem  or  trunk  for  self-support  and  several 
branches.  Shrubs  have  the  same  characteristics  that 
trees  have  but  are  generally  not  more  than  ten  feet  in 
height.  Vines  are  woody  plants  that  climb  or  sprawl 
and. do  not  have  a  &elf-£upporting  trunk. 

Woody  plants  have  extensive  root  systems.  Some  of 
these  plants  have  sprawling  roots,  others  have  a  deep 
root  system,  and  still  others  have  both  types. 

Stump,  basal-bark,  and  foliage  applications  are 
most  suitable  for  the  control  of  brush  and  trees  along 
roadsides  and  utility  lines. 


Stump  applications  are  most  satisfactory  for  killing 
trees  along  roadsides  and  controlling  brush  over  0.9 
meters  tall.  Considerable  labor  is  required,  but  the 
danger  from  failing  branches  is  removed  and  there  are 
no  standing  dead  trees.  Use  esters  of  2.4.5-T  or  2,4-D 
plus  2,4,5-T  at  .any  time  of  year  or  ammonium 
sulfamate  during  the  growing  season.  Sodium  arsenite 
can  be  used  where  the  hazards  of  poisoning  are  not 
important. 

Basal  application*  are  practical  for  uncut  brush  and 
for  regrowth  from  cut  brush  or  trees.  Make 
applications  during  the  dormant  season  to  avoid 
danger  of  injury  from  drift.  Use  esters  of  2,4,5- T  or 
2,4-D  plus  2,4,5-T. 

Applications  made  in  frills  or  girdles  are  more 
effective  than  basal  treatments  on  large  or  thick- 
barked  trees,  and  they  prevent  sprouting  more 
effectively  than  stump  treatments.  Use  2,4,5-T  or 
2,4-D  plus  2,4,5-T.  Apply  ammonium  sulfamate  and 
sodium  arse  n  it  e  in  the  same  manner  as  for  stump 
treatment*. 

Exercises  (C30): 

Identify  the  following  statements  as  true  (T)  or  false 
(F).  Correct  the  False  statements. 

  J.  Woody  plants  are  plants  that  have  thick 

trunks,  relatively  sturdy  branches  and  bark- 
like  coverings. 

—  2.  Woody  plants  include  trees,  shrubs,  and 

vines. 

  3,    All  woody  plants  are  self-supporting, 

—  4.   Shrubs    and    trees    have    the  same 

characteristics. 
  5,    Woody  plants  have  either  deep  roots  or 

sprawling  roots. 
  6.    Stump  applications  are  most  satisfactory  for 

killing  trees   along   roadsides   and  for 

controlling  brush  over  0.9  meters  taJL 

—  7.    Very  little  labor  is  involved  with  the  stump 

application. 

  &    Sodium  arsenite  is  the  best  treatment  where 

wild  life  is  present. 
  9.    Basal  applications  are  practical  for  uncut 

brush  and  for  regrowth  from  cut  brush  or 

trees. 

  10.    Basal  applications  should  be  made  during 

the  dormant  season  to  avoid  danger  of  injury 
from  drift. 

2-4,  Grata**  and  Herbactoua  3  road  leal  Plants 

Even  though  grasses  are  quite  beneficial  to  humans* 
ihcy  can  become  pests  when  they  are  in  the  wrong 
places.  When  this  occurs,  grasses  become  weeds  and 
must  be  controlled.  To  do  your  job.  you  must  be 
knowledgeable  of  the  characteristics  and  controls  of 
grasses. 

Herbaceous  broadleaf  plants  are  the  plants  that 
most  people  consider  to  be  the  true  weeds.  This  section 
describes  both  herbaceous  broadleaf  weeds  and  grasses 


so  that  you  can  distinguish  them  from  other  plantsand 
each  other.  This  section  alio  discusses  the  various 
control  measures  that  you  can  use  to  control  both 
grassy  plants  and  herbaceous  broadleaf  plants,  x 

C3L  Indicate  whether  given  statements  pertaining  to' 
the  general  characteristics  and  controls  for  passes  are 
true  or  fake. 

Characteristic*  and  Control  of  Grates.  Grasses  are 
plants  that  have  long,  thin,  narrow  leaves  and  that 
usually  grow  more  outward  along  the  ground  than 
upward,  Regardless  of  whether  the  long,  thin,  narrow- 
leafed  plant  is  tall  orjpread  along  the  ground*  you  can 
recognize  it  as  a  grass  if  it  has  sheathing  at  each  leaf 
base.  Most  grasses  are  monocots  (they  have  only  a 
single  cotyledon),  The  cotyledon  is  a  tiny  leaMke 
structure  that  emerges  from  the  germinated  seed 
Grasses  have  fibrous  root  systems  and  tend  to  be  both 
perennial  and  annual.  Probably  one  of  the  best  and 
most  easily  recognized  characteristics  of  a  grass  is  the 
parallel  venation  of  the  leaves. 

As  in  all  other  cases  involving  the  control  of  pests, 
grass  controls  depend  upon  the  species  and  location. 
Other  factors  that  bear  on  the  controls  are  the  region  in 
which  the  grass  is  growing,  type  of  soil  in  which  it  is 
growing,  and  weather  conditions.  Grasses  may  be 
controlled  through  biological  mechanical,  and 
chemical  control  measures. 

Chemical  controls  for  specific  grasses  in  specific 
areas  are  identified  in  Appendix  A  of  the  supplement 
to  Volumes  4,  5,  6,  and  7; 

Exercises  (C31): 

Identify  the  following  statements  as  being  true  (T)  or 
false  (F). 

 J.  A  plant  can  be  recognized  as  grass  by  having 

sheating  at  each  leaf  base. 
 2.  Grasses  have  fibrous  root  systems  and  tend  to 

be  both  perennial  annual. 

—  3.  Grasses  are  described  as  plants  with  long,  thin, 

narrow  leaves  that  grow  more  outward  along 
the  ground  than  upward. 

—  4.  No  grasses  grow  more  upward  than  outward 

—  5.  Most  grasses  are  polycots. 

 6.  The  tiny  leaMike  structure  that  emerges  from 

the  germinated  seed  is  called  a  monocot. 

 7.  Grass  controls  are  dependent  upon  the  species 

and  where  it  is  located,  ; 

 8.  Region,  weather,  and  type  of  soil  have  little  to 

do  with  control  measures. 

C32<  Complete  given  statements  concerning  the 
general  characteristics  of  herbaceous  broadleaf 
plants. 

Characteristics  of  Herbaceous  Broadleaf  Plants. 

There  are  some  general  characteristics  that  you  can  use 
to  separate  broadleaf  and  grassy  weeds.  Most 
broadleaf    plants    have    relatively    wide  leaves. 
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comparatively  speak  ingi  and  the  leaves  have  a  netted 
venation.  In  broadleaf  plants,  there  arc  normally 
cluster}  of  leaves  at  the  ends  of  branches  and  growth  of 
the  plants  extends  from  growth  nodes  located  at  the 
end  of  branches.  Broad  leaf  plants  most  generally  tend 
to  be  dicotst  which  mean*  that  two  leaMike  structures 
(cotyledons)  appear  immediately  following  seed 
germination.  The  root  system  of  herbaceous  broadleaf 
plants  is  relatively  deep  and  strong.  The  root  system 
consists  of  a  tap  root  with  many  small  lateral  roots 
extending  from  it. 

Exercises  <C3I^ 

1.  Most  broadleaf  plants  have  relatively   

 and  the  leaves  have  a  venation, 

2.  [n  broadleaf  plants,  there  are  normally  of 

leaves  at  the  ends  of  branches  and  growth  of  the 

plants  will  extend  from  growth  located  at 

the  ends  of  

3.  Broadleaf  plants   most  generally  tend   to  be 

 ,    which    means    that    two  leaf-like 

structures   appear  immediately   following  seed 


4.  The  root  system  of  herbaceous  broadleaf  plants  is 
relatively  and  

5.  The  root  system  consists  of  a  root  with 

many  small  roots  extending  from  it, 

C33.  Identify  as  correct  or  Jneorrect  given  statements 
pertaining  to  the  biologic 1 1  and  mechanical  control 
measure*  for  grasses  and  herbaceous  broadleaf  plants. 

These  plants  may  be  controlled  through  biological, 
mechanical,  and  chemical  measures.  Although  the 
biological  and  mechanical  controls  are  generally 
slower  and  more  expensive  than  chemical  Controls, 
they  should  be  implemented  whenever  and  wherever 
possible, 

Biological  Control*  In  order  for  applied  biological 
controls  to  be  effective,  the  predators  or  parasites 
Introduced  must  feed  only  on  the  weed  species  you 
want  to  control.  Thcprcclatofsand  parasites  you  use  in 
the  control  should  hot  be  a  food  source  for  other  living 
organisms  within  the  area.  In  addition,  they  must  be 
adapted  to  the  surroundings  and  have  the  ability  to 
find  the,  host.  Biological  control  is  often  the  only 
control  available  for  controlling  weeds  in  inaccessible 
areas. 

Biological  control  of  grass  and  herbaceous 
broadleaf  weeds  include  the  use  of  certain  insects, 
arachnids,  fowl*  grazing  animals,  and  other  plants. 

Control  by  insects.  The  goatweed  beetle  has  been 
used  successfully  for  controlling  the  rangeweed 
(Hvperwum  perforatum)  in  many  areas  of  California 
and  the  Pacific  Northwest.  The  cactus  moth  is  very 
effective  for  controlling  prickly  pear  cacti.  The  flea 
beetle  has  shown  promise  in  controlling  the  Canada 
thistle  in  areas  of  Canada*and  the  Pacific  Northwest. 

Control  h\  fowl.  Geese  arc  used  in  many  instances  to 
control  young  weeds  in  such  crops  as  cotton, 
strawberries,  and  mint. 


Control  by  grazing  animals.  This  concept  ii  bated  on* 
the  placement  of  grazing  animals  that  prefer  the  plants 
desired  to  be  controlled  into  the  infested  area, 

Control  by  other  plants.  Some  degree  of  success  in 
controlling  undesirable  vegetation  has  been  obtained 
by  certain  plants  in  producing  selective  phytotoxins. 
For  example,  black  muMard  was  planted  tn  regions  of 
California  to  inhibit  the  germination  of  Chaparral,  an 
undesirable  range  plant*  but  did  not  inhibit  other  range 
plants  that  were  desired. 

Mechanical  Control*  Grasses  and  herbaceous 
broad-leaf  plants  can  be  controlled  effectively  through 
mechanical  measures  if  the  right  measure  is 
implemented  at  the  right  time.  The  proper  mechanical 
control  and  the  appropriate  time  for  controlling  plants 
depends  on  whether  the  plants  are  annuals,  biennials, 
or  perennials. 

Control  by  cultivation.  In  most  cases,  cultivating  is 
the  most  practical  mechanical  control  for  controlling 
annual  and  biennial  weeds  when  the  area  is  cultivated 
shallow  in  early  spring  and  frequently  thereafter  until 
midsummer.  This  process  reduces  competition  to 
desirable  crop  plants  and  prevents  flowering  and 
seeding. 

Cultivating  undesirable  perennial  plants  will  cause 
the  plants  to  starve  because  cultivation  will  prevent  the 
pL:r_£  fjom  manufacturing  additional  food.  It  will  also 
cause  them  to  expend  the  food  that  is  already  stored 
within  the  plant.  Controlling  perennial  plants  through 
cultivation  should  be  accomplished  shortly  after  the 
planes  have  produced  new  foliage. 

Control  by  mowing.  Mowing  is  relatively  effective 
for  controlling  some  species  of  annual  weeds  if  you 
mow  often  enough  and  before  the  flowers  mature. 
Mowing  should  be  conducted  at  a  height  that  is  low 
enough  to  remove  the  flora  but  high  enough  to  still 
permit  competitive  ability. 

Control  by  burning.  Although  burning  is  an 
unpopular  word  among  environmentalists,  it  does 
have  some  merit  in  the  control  of  undesirable 
vegetation.  Fire  is  more  effective  for  controlling 
annual  plants  than  perennials.  Buring  is  a  useful 
mechanical  control  measure  for  removing  vegetation 
along  fire  breaks,  waterways,  railways  and  security 
fences.  Burning  of  vegetation  is  a  popular  practice  in 
tropical  regions  because  the  ashes  provide  additional 
nutrients  to  the  low  nutrient  soils  generally  found  in 
tropical  regions. 

Control  by  muiching.  Mulching  keeps  light  from  the 
plants.  Photoshythesis  is  thus  reduced  and  the  plants 
die  or  do  not  grow.  Materials  used  for  mulching 
include  sawdust*  hay.  straw*  manure,  paper,  and 
plastic.  The  area  being  treated  must  be  completely 
covered  with  "mulch.  The  layer  of  mulch  must  be 
thicker  for  perennials  than  for  annuals,  Deep-rooted 
perennials,  such  as  morning-glories,  may  require  a 
Jayer  r(_  mulching  material  3  to  4  feet  thick. 
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Exercises  (C33): 

Identify  the  following  statements  as  being  correct  (C) 
or  incorrect  (I). 

  ].  These  plants  may  be  controlled  by  biological, 

mechanical,  or  chemical  measures. 

_  2.  Bi  ological  and  mechanical  controls  are  slower 
but  less  expensive  than  chemical  controls, 

  3.  In  order  for  bilogical  control*  fo  be  effective* 

the  predators  or  parasites  introduced  must 
only  feed  on  the  weed  species  desired  to  be 
controlled. 

_  4.  Biological  control  of  grass  and  herbaceous 
broadleaf  weeds  includes  the  use  of  certain 
insects,  arachnids,  fowl,  grazing  animals  and 
other  plants. 

  5.  The  goat  weed  beetle  has  been  used  to  control 

the  prickly  pear  cacti. 
6.  The  flea  beetle  has  shown  promise  in 

controlling  the  Canada  thistle. 
  7.  Geese  are  used  to  control  young  weeds  in 

crops. 

_p_  £.  Plant  control  by  other  plants  is  not  practical 
1         since  most  of  the  controlling  plants  are 
undesirable. 

—  9.  An  important  consideration  in  mechanical 
plant  control  is  whether  the  plants  are 
annuals,  biennials,  or  perennials. 

 [0.  Plant  control  by  cultivation  is  one  of  themost 

practical  mechanical  methods. 

 11.  Controlling     perennial     plants  through 

cultivation  should  be  accomplished  shortly 
before  the  plants  have  produced  new  foliage* 

 12.  Mowing  should  be  done  before  the  flowers 

mature. 

 13.  Control  by  burning  is  effective  for  controlling 

annual  plants  but  is  undesirable  from  an 

environmental  standpoint. 
 14.  Burning  has  a  detrimental  effect  on  the 

nutrients  in  the  soil. 
 15.  Mulching  excludes  the  light  from  plants,  thus 

reducing  photosynthesis. 

C34.  Assoctare  herbicide  uses  and  classifications* 

Classifications  and  Uses  of  Herbicides*  Herbicides 
are  grouped  on  the  basis  of  use  into  sclectives  and 
nonselectives  and  on  the  basis  of  mode  of  action  into 
contact*  translocated,  and  sterilant  chemicals. 

Selective.  These  herbicides  kill  certain  weed  species 
without  seriously  injuring  the  desirable  plants  among 
which  they  are  growing*  Those  that  kill  crabgrass  or 
dandelions  in  a  grass  sod  are  examples.  Certain 
herbicides  kill  broad -leaved  weeds  and  not  grasses  and 
vice  versa. 

\onselectiws.  These  herbicides  kill  *  egetation  with 
Little  discrimination.  Certain  species  however,  are 
resistant  and  some  escape.  Resistant  species  are 
physiologically  resistant  to  the  chemical:  some  plants 
that  escape  are  perennials  that  have  part  of  their  root, 
system  below  treated  layers  of  soil:  others  are  annuals 


and  shallow- rooted  perennials  that  reinfest  an  area 
after  the  chemical  has  leached  below  the  surface  layer. 

Contact.  Herbicides  in  this  class  kill  the  tissues  that 
are  wetted  with  the  spray.  Whether  the  plant  dies  or 
recovers  depends  on  whether  it  has  a  protected 
growing  point.  Perennials  usually  have  underground 
buds  that  will  regrow.  * 

Contact  herbicides  include  aromatic  solvents  and 
herbicidal  oils.  The  aromatic  solvents  are  also  called 
solvent  naphthas  or  petroleum  naphthas.  They  include 
a  variety  of  petroleum  and  coal  distillates  that  can  be 
used  in  heavy  concentrations  for  aquatic-^etd  control. 
Kerosene,  especially  as  sold  in  the  eastern  United 
States,,  mineral  spirits,  tractor  distillate,  low-grade 
dies  el  oil,  and  similar  aliphatic  materials  do  not  control 
submersed  weeds.  The  most  effective  products  are 
those  with  a  flash  point  above  80°  F.  (26,88°  C), 
distillation  between  278°  F.  (137.76*  C.)  and  428°  F. 
(221.76°  C),  and  an  aramatic  content  of  at  least  85 
percent.  These  solvents  are  highly  flammable  and 
irritating  to  the  skin,  eyes,  and  respiratory  tissues. 
Livestock  tend  to  avoid  drinking  treated  water. 
Vegetation  is  not  harmed  when  irrigated  with  treated 
water. 

Aromatic  solvents  are  deadly  to  fish.  They  are  used 
in  irrigation  and  drainage  ditches,  especially  in  short 
ditches  (6  to  B  miles  or  less)  with  even  sides  and 
bottoms  and  with  flows  of  I  to  70  c.f.s. 

Herbicidal  oils  are  used  as  vegetation  topkillers,  as 
solvents  in  the  formulation  of  herbicidest  and  as 
carriers  for  herbicidal  chemicals.  Otis  that  kill  by 
contact  should  not  bejised  as  solvents  or  carriers  of 
translocated  herbicides,  since  a  quick  kill  of  the 
conducting  tissue  prevents  translocation  of  the 
chemical. 

■Oils  vary  widely  in  their  composition,  value  for 
herbicides,  and  flammability.  Generally,  the  toxicity  to 
plants  is  greater  with  increased  content  of  aromatic*. 
Aside  from  composition,  the  value  for  herbicides  is 
influenced  by  some  physical  properties.  If  the  boiling 
point  is  low,  the  oil  may  evaporate  too  rapidly;  if  too 
high,  it  does  not  penetrate  plant  tissues.  The  viscosity, 
or  flowing  quality,  should  permit  use  in  cool  weather. 
Specific  gravity  is  important  in  aquatic-weed  control. 
The  flammability  is  indicated  by  the  flash  point;  the 
lower  the  temperature  at  which  an  oiUvapor-air 
mixture  ignites,  the  greater  the  danger  of  explosion. 

Oil  sprays  wet  leaf  surfaces  and  penetrate  waxy  leaf 
surfaces  more  effectively  than  water  sprays,  are  less 
easily  washed  off  the  plant,  and  evaporate  more  slowly 
under  high  temperatures.  The  effect  of  oils  on 
perennia Is  is  temporary.  Oils  are  used  for  a  quick  kill  of 
topgrojkth— a  chemical  substitute  for  mowing.  They 
penetrate  the  leaves  of  nongrass  plants,  but  kill  grasses 
by  creeping  down  the  stem  to  the  crowns  and  roots. 
Repeated  treatments  arc  necessary  where  seasons  are 
long  and  rainfall  is  high.  The  cost  depends  on  distance 
from  source  of  supply.  If  relatively  nontoxic,  large 
volumes  are  necessary  especially  for  oH-toIerant 
species,  and  aerial  applications  are  impractical.  Some 


of  the  disadvantages  of  the  oils  used  alone  can  be 
overcome  by  fortifying  them  with  phenol  compounds 
or  using  them  in  conjunction  with  soil  steriJants,  The 
necesiary  volume  can  be  reduced,  the  toxicity  to 
tolerant  weeds  can  be  increased*  a  wider  range  of  oils 
can  be  used,  and  the  initial  kill  can  be  hastened*  but  the 
cost  is  raised. 

The  fortified  oil  sprays  in  low  volume  are  effective 
on  small  weeds.  When  plants,  especially  gra&sss,  are 
tall  enough  to  protect  their  crowns*  larger  spray 
volumes  are  required.  Emulsions  •  provide  larger 
volume  although  they  do  not  increase  toxicity  to 
plants.  The  oil  content  can  be  varied  10  percent  for 
easy-to-kiii  species  and  up  to  25  percent  for  hard-to* 
kill  species.  Frequently,  a  fortified  oil  emulsion  is  more 
economical  than  a  straight  oil  emulsion*  Oils  used  as 
solvents  or  carriers  may  or  may  not  be  toxic  to  plants. 

The  fortified  oil  emulsions  are  well  suited  for  killing 
all  vegetation  on  roadsides-,  ditchbanks,  and  similar 
places  and  for  spot  treatments  of  shallow-rooted 
perennials.  The  staining  that  may  result  from  oils 
carrying  the  dinitros  when  used  on  sidewalks  and 
driveways  is  objectionable.  Weed  oils  are  preferred  for 
such  use  and  for  oil-tolerant  weeds. 

As  a  class,  oils  are  insoluble  in  water;  when  mixed 
with  water  in  the  presence  of  a  surfactant*  they  form  an 
emulsion.  The  common  emulsion  has  oil  dispersed  in 
water:  an  invert  emulsion  is  the  reverse-water  is 
dispersed  in  the  oil.  The  fortifying  chemical  is  dissolved 
in  either  the  water  or  the  oil  or  both. 

Translocated.  These  chemicals  are  absorbed  by  the 
leaves  and  stems  or  by  the  roots,  and  move  through  the 
vascular  system  to  leaves,  buds*  and  root  lips.  When 
absorbed  by  the  Leaves  and  stems,  the  chemical  is 
commonly  moved  with  the  food  materials  that  were 
manufactured  in  the  leaves  and  stems,  When  absorbed 
by  the  roots,  the  chemical  moves  in  the  water- 
conducting  tissue.  The  growth-regulator  type  of 
translocated  herbicide  is  a  synthetic  compound  that 
behaves  like  a  plant  hormone.  It  accumulates  mostly  in 
areas  of  rapidly  dividing  cells  upsetting  the  normal 
metabolism  of  the  plant  and  causing  death  of  the  cells. 
Foliar  applications  of  translocated  herbicides  are  of 
great  practical  val'je,  because  small  amounts  are 
effective  and  they  can  be  applied  in  small  volumes  of 
water  or  oil. 

The  foliage-applied  nonselectives  are  used  primarily 
to  kill  weeds  on  land  later  to  be  cropped;  but  they  also 
are  useful  on  land  where  long  residuals  are  not 
requiredi  where  quick  kills  are  needed*  and  where 
weeds  have  survived  or  escaped  treatment  with  a  long- 
lasting  soil  sterilant.  Some  of  the  selectives*  like  the 
phenoxy  compounds,  remove  broad-leaved  weeds 
from  grass  sods,  while  others,  like  dalapon.  control 
grasses  without  severe  injury  to  most  broad-leaved 
plants.  These  herbicides  are  used  where  the  killing  of 
vegetation  for  long  periods  is  undesirabJe, 

Soil  stezihht.  This  herbicide  makes  a  soil  incapable 
of  supporting  higher  plant  Life,  but  it  does  not 
necessarily  kill  all  life  in  the  soil,  such  as  fungi* 
bacteria*  and  other  micro-organisms.  Its  toxic  effects 


may  remain  for  only  a  short  time  orfor  years*  Residual 
toxicity  depends  on:  (1)  the  chemical  and  its  rate  of  ✓* 
decomposition  or  leaching,  (2)  the  colloidal  and  (j 
chemical  content  of  the  soil*  (3)  species  tolerance,  and 
(4)  rate  of  application.  0 

Herbicides  varyin  their  rate  of  disappearance  from  4 
the  soil  because  of  volatility,  suscept  ability  to 
decomposition  by  soil  micro-organisms,  and 
solubility.  For  example,  some  of  the  carbamates  are 
volatile  at  high  temperatures  and  rapidly  lose  their* 
toxic  effect  during  the  summer  months.  Certain  soil 
micro-organisms  effectively  decompose  2,4-D. 
Amitrole  is  soluble  in  water  and  readily  leached* 

Some  herbicides  are  readily  absorbed  by  mineral 
and  organiccolloids  and  rendered  unavailable  or  made 
slowly  available  for  plant  absorption.  The  fertility  and 
pH  of  a  soil  are  also  influencing  factors  in  the 
persistence  or  availability  of  toxic  amounts  of  certain 
chemicals*  For  example-,  monUron  and  diuron  are 
absorbed  on  clay  colloid  particles  so  that  leaching  is 
difficult.  Sodium  chlorate  is  more  easily  absorbed  by 
plants  growing  in  soil  low  in  nitrates. 

Plant  species  vary  widely  in  tolerance  to  soil 
sterilantSn  but  heavy  rates  of  application  generally  last 
longer  than  light  rates. 

When  present  in  the  soil*  sterilants  prevent  the 
growth  of  green  plants.  These  chemicals  are  used  in 
storage  areas,  lumberyards*  and  parking  lots;  on  tennis 
courts*  'inder  pipelines*  and  transformer  cages;  under 
guardrails  and  surrounding  signposts  on  highways  and 
lights  on  runways:  near  fire  hydrants,  trestles,  and 
bridges:  on  utility  rights-of-way:  on  gravel  blanket 
areas;  around  buildings,  utility  poles*  and  tank  farms; 
along  fence  rows;  for  firebreaks;  and  in  similar  areas 
where  any  plant  growth  is  undesirable.  There  are  two 
major  problems  in  maintaining  bare  ground:  (1)  no 
herbicide  kills  all  species  at  reasonable  rates  of 
application  and  (2)  reinfestation  results  from  weed 
seeds  in  the  soil  after  the  herbicide  has  been  leached 
beiow  the  surface.  Meet  these  problems  by  using  a 
combination  of  chemicals  effective  against  the  weed 
species  to  be  killed  and  by  repeated  applications  of  the 
proper  herbicide  to  kill  seedlings. 

The  arsenicals  are  among  the  cheapest  herbicides* 
but  they  must  be  handled  carefully.  Two  groups  of 
arsenicals  are  used  for  killing  weeds;  the  inorganic  and 
the  organic. 

The  inorganic  arsenicals  include  sodium  arsenite, 
lead  arsenate,  and  calcium  arsenate,  They  are  all  highly 
poisonous  to  humans  arid  otheranimals  if  swallowed. 
Their  effectiveness  for  weed  control  depends  on  their 
arsenic  content. 

The  organic  arsenicals  include  disodium 
me  thy  la  neonate  and  amine  methylaxsonate.  Both 
compounds  are  considerably  less  toxic  than  the 
inorganic  arsenicals  to  humans  and  livestock*  but  fhey 
are  harmful  if  swallowed.  Both  are  applied  * 
post  emergence  for  the  control  of  crabgrass  in  turf. 
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Exercise  (C34): 

J-  Match  the  herbicide  classifications  in  column  B 
below  with  the  statements  pertaining  to  the  uses  of 
herbicides  in  column  A. 

Column  A  Column  B 

—  a.  Kill  certain  weed  ipecies  1.  Conner 

without    seriously    in-  2.  Soil, 
juring    the    desirable  SteriJam, 

plantsamongwhichthey  1.  Selective, 

ate  growing.  4.  Translocated, 

 b.  Kilt  tiuues  wetted  with  5.  Nonselective, 

the  spray. 

—  c  Mikes  soil  incapable  of 

supporting  higher  plant 
life. 

—  d.  These    chemicals  arc 

absorbed  by  the  leaves 
and  jtems  or  by  the 
roots,  and  move  through 
the  vascular  system  to 
Leaves,  buds,  and  root 
lips.  ' 
Thc«  herbicides  kill 
vegetation  with  Hulcdis- 
mi  nation. 

C35.  Identify  as  correct  or  Incorrect  given  statements 
concerning  the  chemical  control  of  grasses  and 
herbaceous  bromdleaf  plants  In  specific  areas;  amend 
any  that  arc  incorrect. 

Chemical  Control  of  Grasses  and  Herbaceous 
Broadlcaf  Plants  In  Specific  Areas.  There  are  specific 
areas  oa  and  adjacent  to  Air  Force  installations  where 
partial  or  complete  vegetation  control  is  required. 
Some  of  these  areas  are  in  and  around  highways, 
roadsides,  utility  lines,  and  railroads.  In  addition,  weed 
control  must  be  effective  in  turf  areas,  such  as  Lawns* 
athletic  fields*  golf  grounds,  parade  grounds,  etc. 

Paved  highways.  Vegetation  that  encroaches  from 
the  edges  of  asphalt  pavement  or  grows  up  through 
cracks  and  holes  causes  premature  breakdown  of  the 
pavements.  You  can  control  this  type  of  vegetation 
with  presurface  and  post -surface  application  of 
herbicides.  Shoulders  immediately  adjacent  to  the 
traffic  way,  medians  separating  divided  highways,  and 
islands  at  highway  intersections  are  often  surfaced 
with  asphalt.  On  such  areas,  apply  the  herbicide  to  the 
gravel  base  just  before  it  is  "shot"  with  asphalt.  A 
standard  highway  watering  truck  can  be  adapted  for 
this  use  by  equipping  it  with  a  loading  pump  to 
circulate  the  spray  material  and  with  standard  asphalt 
nozzles  that  deliver  a  fan  spray. 

Several  herbicides  prevent  the  emergence  of  plants 
through  the  pavement*  but  they  vary  in  cost  and  in 
injury  to  vegetation  adjacent  to  the  paving.  The  plant 
growth  on  the  un paved  area,  particularly  an  ft]  slopes, 
may  be  desirable  to  prevent  erosion.  The  following 
products  control  vegetation  at  the  accompanying  rates 
per  foot-mile.  <  Rates  per  foot-mile  *  8.25  -rate  per 
acre.) 

Chlorate-borate,  200  pounds  (25  percent  sodium 
chlorate)  ** 


Dalapon,  )0  pounds 
Dalapon-silvex,  2.5  gallons  (4  lb.  dalapon  +  1/2 lb. 

silvex  per  gal.) 
Diuron,  5  pounds 
Erbon,  5  gallons  (4  lb.  per  gal.) 
Monuron,  5  pounds 

Monuron,  TCA,  0.9  gallon  (3  lb.  per  gal.) 
TCA,  25  pounds 


Postpavmg  treatments  are  necessary  later  to  prevent 
■encroachment  from  unpaved  areas  and  tocontro]  any 
vegetation  growing  up  through  cracks  in  old 
pavements.  Use  repeated  spray  treatments  with 
dalapon-silvex  mixture  or  use  dalapon  on  grasses  and 
2,4-D  or  amitrole  on  broad-leaved  weeds. 

CAUTION;  Erbon,  monuron,  and  chlorate-borate 
mixture  can  injure  vegetation  some  distance  from  the 
edge  of  the  pavements*  and  monuron,  diuron,  and 
monuron  TCA  can  injure  trees  adjacent  to  the  treated 
area. 

Roadsides.  Herbicides  are  useful  in  the  maintenance 
of  roadsides  if  they  are  properly  applied.  The  greatest 
danglers  come  from  diifCttinoff,  improper  application 
and  leaching  to  roots  of  desirable  species  under  the 
treated  area.  *  « 

Before  spraying,  make  a  survey  of  {he  area,  spotting 
any  slopes  subject  to  erosion,  the  location  of  desirable 
vegetation,  and  the  density  and  height  of  brush. 

CAUTION:  Drift  hazards  arc  greatest  when  growth- 
regulating  herbicides,  such  as2,4-D,  2,4P5-T,  and 
silvex,  or  contact  herbicides  are  used  as  sprays,  but 
damage  often  results  from  careless  application.  Drift 
occurs  not  only  with  volatile  herbicides,  such  as  the 
esters  of  2.4-D  zzd  2,4,5-T,  but  also  with  any  spraY 
that  has  beenatomized  into  amist  by  high  pressure  and 
a  small  nozzle  opening.  The  volume  of  spray  per  unit 
area  also  influences  drift.  Where  there  are  adjacent 
susceptible  plants,  usejat  least  10  gallons  per  acre  and 
move  the  sprayer  at  slow  speed. 

It  is  especially  important  to  reduce  mist  when  you 
spray  with  a  handgun,  Operate  at  low  pressure  (30  to 
60  pst).  Direct  spray  downward  as  much  as  possible, 
and  do  not  spray  when  it  is  windy,  when  you  are 
treating  edges  of  roads,  spray  from  the  outside  toward 
the  pavement. 

Runoff  is  an  important  hazard  on  slopes,  bare 
ground,  and  pavements.  Cutback  asphalt  applied  with 
a  soil  sterilant  helps  to  hold  the  chemical  in  place.  Use 
39  gallons  per  1,000  square  feet,  or  1,700  gallons  per 
acre,  or  use  a  light  covering  of  road  oil.  If  there  has 
been  an  excavation,  add  a  layer  of  crushed  rock.  Trees 
and  shrubs  some  distance  from  soil  treated  with  soil 
sterilants  may  be  killed  if  their  roots  extend  below  this 
area. 

Utility  lines.  Make  two  complete  sprayings  of  all 
transmission  lines  at  2-year  imervals— the  first  to  kill 
as  much  growth  as  possible  and  the  second  to  kill 
escapes  and  resistant  species.  Spray  only  those  species 
that  grow  tall  enough  to  interfere  with  the  lines.  If  the 
plants  are  over  6  feet  tall  cut  and  spray  the  stump. 
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Fcnuron  pellets  at  12V5  pounds  per  acre,  active 
ingredient*  kill  alder,  blackberries  and  sumac; 
elderberry,  elm,  hawthorn,  maple,  or  willow  are  not 
killed,  but  all  species  are  defoliated. 

TCA  and  dalapon  are  moderately  effective  on 
conifers. 

Foliage  sprays  of  2,4,5-T  at  1xh  pounds  per  ]00 
gallons  of  water  control  many  species  of  hardwood 
brush  throughout  the  season.  They  are  most  effective 
when  applied  soon  after  leaves  are  fully  expanded  and 
when  the  plants  are  growing  actively.  Esters  of  2,4-D 
plus  2,4,5-T  in  equal  proportions  (brush  killer)  kill 
alder,  smooth  and  staghom  sumac,  and  willow. 

Railroads.  There  are  three  areas  on  railways  on 
which  weed  control  is  necessary:  the  ballast,  the 
roadbed*  and  the  right-of-way.  The  ballast  is  a  strip  1 2 
to  16  feet  wide*  made  up  of  coarse  material,  such  as 
cinders  or  gravel*  that  should  be  kept  free  from  weeds. 
Because  the  ballast  is  so  porous,  it  does  not  retain 
chemicals  well.  Insoluble  herbicides*  those  absorbed 
through  leaves*  and  contact  herbicides  are  most 
suitable. 

The  roadbed  (berm)  beyond  the  ballast  requires 
weed  control,  but  elimination  of  vegetation  increases 
erosion.  The  rest  of  the  area  to  the  right-of-way  fence  is 
similar  to  roadsides.  If  control  is  effected  during  the 
first  2  years  by  heavy  rates  of  apt-Ucation*  it  can  be 
maintained  with  reduced  rat**,  .-.hereafter.  The 
effectiveness  of  some  soil  sterilanU  like  diuron  and 
simazine  may  not  show  up  until  th/t  second  or  third 
year  of  use,  especially  in  dry  areas  ot  with  deep-rooted 
weeds. 

Apply  5  to  8  gallons  of  dalapon-silvex  mixture,  in 
ISO  to  300  gallons  water  per  acre-mile  on  ballast  and 
berm  areas*  or  5  to  6  quarts  of  DNAPand  300  gallons 
of  diesel  oil  per  mile  on  roadbed.  For  heavy  growth* 
add  3C0  gallons  of  water. 

Turf.  Weeds  in  lawns,  athletic  fields,  golf  grounds, 
parade  grounds,  the  turf  portions  of  roadsides  and 
railroad  rights-of-way,  and  similar  areas  arc  controlled 
by  good  maintenance  practices  supplemented  with 
chemical  herbicides.  It  is  important  to  prevent  the 
encroachment  of  weeds  by  maintaining  competition 
from  vigorously  growing  turf  grasses.  The  principal 
factors  in  maintenance  are  soil*  grass*  water*  mowing, 
and  pests, 

Bath  the  physical  and  chemical  properties  of  the  soil 
are  important.  Adequate  organic-matter  content, 
drainage,  and  aeration  are  as  essential  as  proper 
fertility,  The  selection  of  the  grass  or  grasses  to  be 
seeded  is  also  important.  Each  type  has  its 
requirements  for  optimum  adaptation,  Water  not  only 
keeps  plants  from  willing,  it  is  itself  a  nutrient  and  it 
jets  as  a  solvent  and  carrier  of  nutrients  and  food*  The 
frequency  and  height  of  mowing  are  important.  The 
height  is  determined  by  the  kind  of  grass,  and  the 
frequency  depends  on  rate  of  growth.  Pests  include 
insects  diseases  and  weeds.  These  often  require 
treatment  beyond  good  maintenance  practices. 
Insecticides.  fungicides.  and  herbicides  are 
supplementary  controfc. 


Chemicals  are  useful  for  killing  weeds  (1)  in 
preparation  for  seeding,  (2)  where  weeds  have  become 
established  in  disturbance  areas.  or(3)  where,  for  other 
reasons,  there  is  an  incomplete  cover  of  desirable 
grasses. 

Turf  weeds  comprise  (1)  broadleaved  species  that 
can  be  killed  with  one  group  of  herbicides  without 
seriously  injuring  turf  grasses  and  (2)  undesirable 
grasses  that  can  be  controlled  by  a  second  group  of 
chemicals.  The  morphological  and  physiological 
differences  between  broadleaf  weeds  (dicotyledons) 
and  grasses  (monocotyledons)  make  selective  control 
possible.  Where  weedy  grasses  are  to  be  removed  from 
turf  grasses,  selectivity  is  accomplished  usually  if  the 
weed  is  an  annual  and  the  turf  grass  is  a  perennial. 

NOTE:  Specific  chemicals  and  applications  formost 
types  of  weeds  are  provided  in  Appendix  A  of  the 
supplement  to  Volumes  4,  5*  6,  and  7. 

Exercises  (C35): 

Identify  the  following  statements  as  being  correct  (Q 
or  incorrect  (1).  Explain  why  the  incorrect  statements 
are  not  true. 

  I.  Vegetation  along  the  edges  and  in  the  crack  of 

asphalt  pavement  are  very  difficult  to  control. 


  2,  Presurface  treatment  may  be  done  with  a 

standard  highway  watering  truck. 


  3.  Care  must  be  taken  during  post-surface 

treatment  to  prevent  injury  to  plants  adjacent 
to  the  roadway. 


  4.  When  treating  roadsides*  proper  application 

will  insure  safety  for  desirable  plants. 


5.  Spraying  when  windy  will  guarantee  best 

results. 


6  When  treating  utility  lines,  all  species  must  be 
treated. 


  7.  Utility  lines  should  be  treated  every  2  years. 
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  8.  FoiUge  sprays  arc  most  effective  when  applied 

soon  after  leaves  are  fully  expanded  and  wben 
the  plants  are  growing  actively. 


—  9.  Railroads  require  treatments  in  three  areas; 
the  ballast,  the  roadbed,  and  the  right-of-way. 


 10.  The  railroad  treatment  for  roadbed  should  kill 

all  vegetation. 


—  11.  Lawns,  athletic  fields,  parade  grounds,  and 
golf  courses  can  be  controlled  primarily  by 
good  maintenance  practices. 


 12.  In  lawns,  all  undesirable  plants  can  be 

controlled  by  the  application  of  one  herbicide. 


C36.  Comptefe  given  statements  pertaining  to 
herbicide  precautions. 

Precautions  for  Using  Herbicides.  There  are  several 
actions  you  must  take  before  you  apply  herbicides: 

(1)  Identify  the  weeds  you  want  to  control. 

(2)  Select  the  right  herbicide  to  control  these  weeds 
without  harm  to  desirable  plants  nearby. 

\(3)  Read  the  herbicide  label. 

(4)  Mix  the  chemical  according  to  mixing 
directions.  Do  not  use  more  than  recommended 
amounts. 

(5)  Plan  to  apply  the  materials  when  and  how  the 
directions  indicate. 

(6)  Select  the  proper  equipment. 

{7)  Study  the  safety  precautions  on  the  label. 

Herbicide  labels.  Labels  on  the  herbicide  container 
are  written  with  great  care  to  stale  only  facts. 
Recommendations  on  labels  for  materials  sold 
interstate  must  be  registered  with  the  Environmental 
Protection  Agency  before  the  label  can  be  authorized* 
Always  read  the  EabeL  It  tells,  first,  what  the  herbicide 
is.  For  instance,  2,4-D  is  sold  as  a  sodium  or  amine  salt 
or  a  volatile  or  low-volatile  ester.  Recommendations 
differ  for  various  herbicides  and  for  various 
formulations  of  the  same  basic  chemical. 

The  label  tells  the  amount  of  acid  equivalent,  phenol 
equivalent,  or  active  ingredient  in  the  product.  This 
information  helps  you  compare  the  concentrations  in 
various  formulations.  The  label  also  makes 
recommendations  for  use  and  gives  rates  and  time  of 
application.  Certain  warnings  are  stated  when 
necessary'  to  protect  the  operator  from  poison  or 
irritation  by  the  chemical  and  to  protect  susceptible 
plants  from  injury. 


Protection  of  desirable  plants.  Certain  precautions 
are  necessary  to  prevent  damage  to  adjacent  valuable 
plants^  This  damage  nay  result  from  drift,  washing  or 
leaching; 

a*  Drift  hazards.  Remember  that  drift  hazards  are  / 
greatest  when  herbicides  that  affect  the  leaves  of  plants  to 
are  used.  These  may  be  of  the  growth  regulating  type  or  £> 
of  the  contact  type*  Danger  is  least  wben  dryO 
applications  are  made  of  nonvolatile  herbicides*  Keep  ^ 
in  mind  that  drift  occurs  not  only  with  volatile  ^ 
herbicides  but  also  from  a  spray,  that  has  been 
atomized  into  a  mist* 

b.  Washing.  Washing  is  an  important  hazard  on 
slopes,  bare  ground,  and  pavements.  The  herbicides 
may  be  carried  by  surface  runoff  to  valuable  plants 
downslope*  Do  not  drain  or  flush  equipment  where 
runoff  to  desirable  plants  troy  occur. 

c*  Leaching.  Leaching  moves  chemicals  downward 
through  the  soil.  If  they  are  readily  absorbed  by  roots, 
plants  whose  roots  extend  under  the  treated  area  are 
likely  to  be  injured*  Avoid  treating  such  areas  with  soil 
sterilants.  Do  not  drain  or  flush  equipment  where 
leaching  to  the  roots  of  desirable  plants  may  occur. 

Protection  of  game  and  fish*  Most  herbicides  are  less 
dangerous  than  insecticides  to  wildlife.  There  ate  a  few, 
however,  such  as  the  arsenicals  and  dinitros,  that  can 
poison  animals.  Most  injury  results  from  overdoses 
and  spillage.  Indiscriminate  spraying  and  spraying  that 
results  in  defoliation  of  vegetation  can  destroy  cover, 
but  herbicides  can  also  be  useful  in  management. 
Openings  in  wooded  areas,  such  as  the  clearing  for 
utility  company  rights-of-way  and  spraying  of 
hardwoods  in  stands  of  pine  can  be  beneficial  to 
wildlife. 

A  few  herbicides  are  very  toxic  to  fish,  but  many  can 
be  used  safely  for  the  control  of  aquatic  weeds.  The 
control  of  submerged  weeds  in  ponds  or  streams  can  be 
beneficial  to  fish  population.  Safe  amounts  of 
herbicides,  expressed  in  parts  of  the  chemical  per 
million  parts  of  water,  vary  widely  with  the  age,  size, 
and  species  of  fish. 

Whenever  a  proposed  spraying  program  might 
endanger  game  and  fish,  consult  the  Federal  or  State 
Fish  and  Wildlife  Service  for  advice. 

Exercises  (C36); 

Complete  tbe  following  statements  pertaining  to 
precautions  to  be  observed  for  using  herbicides. 

1 .  Before  applying  herbicides  you  should  the 
weeds  you  want  to  kill;  select  the  right  to 

control  the  weeds  without  harm  to  plants; 

and  mix  chemicals  according  to   

2.  Labels  on  herbicides  containers  are  written  with 
great  care  and  state  only  

3.  Recommendations  on  labels  for  materials  sold 

interstate  must  be  registered  with  the   

   before  the  label  can  be  

4.  Drift  hazards  are  greatest  when  herbicides  that 
affect  of  plants  are  used. 
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5.  Danger  is  least  when  applications  are  made 

of  herbicides. 

6.  Drift  occurs  with  herbicides  whether  they 

are  volatile  or  not. 

7.  Washing  is  an  important  hazard  on   . 

 and  


8.  Leaching  moves  chemicals  through  the 

soil. 

9.  Most    herbicides   are   less   hazardous  than 
insecticides  to  . 

1 0.  Most  injuries  to  wildlife  are  the  result  of  

and  . 
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ANSWERS  FOR  EXERCISES 


CHAPTER  1 


CIA 


5 

TvMnty-cb.  !/*4ach,  neat  ratprooOiig. 


CO!  -    I.  Buildings;  food  rod  property. 

2,  Fields,  grain  elevators,  processing  milk,  trucks  and  mitt, 

and  home. 

3,  Feces  lad  urine;  feeding;  human  coasurnption;  food. 

4,  killing 

5,  Concrete,  brick*  wood,  and  mcuL 

6,  Spontaneous  combustion;  nesting 
7t  Rat  flea* 

ft*  Teeth  and  gums;  bite  of  the  rat 

9,  How  mora;  bite:  mouu. 

10,  Worldwide. 

CD2  -    L   U)  Longer  than  bead  plus  body. 

(2)  Shorter  than  bead  plus  body. 

(3)  Slender. 

(■>  Heavy,  thick. 

15)  Large, 

(*>  Small. 

<7)  Large, 

(8)  SmatL 

{9}  Pointed, 
C10>  Blunt. 
(12*.  Small 
(14)  Small. 
2.  a.  House  mouse* 

b,  Norway  rat 

c.  Roof  rat. 


1.  Short,  rapidly, 

2.  Die.  killed. 

1*  Body,  unattended, 

4+  Eyes,  can,  hairiest,  legs. 

5  A  week, 

6.  Twelve.  14. 

7r  Three. 

8.  Eye*  open. 

L  Correct, 

2.  Incorrect.  Chi nlff  "father"  to  * mother/ 
3  Incorrect  Cbsn&e **<Jiwn** lo "duik." 
4.  Correct. 

1  Correct 

6.  Incorrect,  Change  <"4-  to  "Z" 
T,  Correct. 

ft.  Incorrect  Change  "noisy"  to*  quiet" 

9.  Correct. 
10.  Correct. 

I .  Specie],  amount  food*  dingers. 
I  Sunset  each. 

3.  Steady,  nibblers, 

4.  Meats,  grain,  cooked  eggs,  potatoes. 

5.  Environment. 


C. 
C 


y  c 

4  1:  droppings  may  be  i  key. 
J.  C. 

6,  C, 

7.  C. 
3>  C. 

1.  Number,  rats. 

2<  Unsanitary,  refuse,  disposal 

3.  Cans,  approved,  garbage,  rubbwh 

4.  TwdvcT  IB. 

5  Inspect  ions,  rodent 


1 

4, 

S. 
o< 

r 
i 

10, 

ii. 


C09  -    I,  «h  d,  and  e  are  true  siatcmoats. 


CIO 


C!l 


CI3, 


CI4 


eta  - 

C16- 
C17  - 
CIS  ■ 
CI*. 


Twenty-four,  \ 
Snap,  aloe* 
Freits*  vegetables. 

Oils, 

Pwonlng. 

Strong  tat**  odor. 
Haa.d 
Sopfltomeattiy.  untrained. 


d 
f 
b 
a 

c 
c 


'dear  or  whrte-footod 
to 


1  to  "rice  and  cotton  rats " 
r«  arfafatfooted  mhos" 


C12-  1 


T^"'*ifrr  runways*  tracks. 
Trapping, 
Trapping  1 
RoUadoaov  i 

Zin^i 

Fruits,  vegetable^  grams,  toads,  > 
Grass,  lirtar. 
Walk,  banks*  tree. 

a  Ground  squirrel  Ciulhu. 

b.  Groundhogs  woockhuck,  marmot,  Mtrmot*. 

0,  Prairie  dog,  Cynomy* 


1.  a,  b.  c,  r,  g,  b  an  true. 
1  d.  Change  "dry"  to 
e*  Change  "more"  to 

I.  Plague, 

1  Airfields,  training. 

3.  Digging  daws. 

4.  Roots,  tubers,  hums. 

5.  Pood. 

6.  Bailing,  trapping, 

ft!  Not  ******* 
9,  Summer.  felL 


L  t,  3, 4*  5,  and  7  are  true. 

I.  Humidity;  soft. 
1  Lawns;  golf  courses;  seed  bedi. 
3+  Pests;  < 


I .  b,  c,  d,  f.  g,  and  n  are  true. 

1  a.  Insert  the  word  "not"  before  rodent 

cl,  Change  mound  to  ridges. 

1.  Their  presence  t*  evident  front  their  digging. 

2.  Make  smaD  breaks  in  a  number  of  runs  and  check  them 
several  time*  during  the  day  or  night 

1.  Food;  trapping,  drowning*  or  gassing:  repellents. 
1  Insecticidei. 
J.  Unnatural* 

4.  Pood. 

5.  Gripping 

6.  Runways. 
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7.  Cost 

8.  Lyctnd  naphthalene. 
Woven  wire  or  concrete. 

10.  Strychnine* 

1  L  Choker-loop  trap*  scissors-jew  In  p.  and  diamond-jew  trap. 

12.  Harpoon. 

13,  Soil. 

C2D  -    I.  False.  Change  ^family**  to  "order.** 

2.  False.  Nearly  worldwide. 

3.  True. 

4.  True. 

5.  True. 

6.  False,  They  are  more  streamlined  and  have  smoother  fur. 
7-  FtUc.  Change  "usually**  lo  "rarely. ** 

8.  True. 

9.  True.  " 

10.  False.  Thtoughout  the  year  with  peaks  in  the  spring  and  fall. 

11.  Falie.  Some  formi  are  aquatic* 

12.  True. 

C2J  *    I.  Foaea. 

2.  Rente*. 

3.  Damage. 

4.  Tnpa. 

5.  State  health  authorities, 

C22  -    I.  False.  Before  you  uae  a  control  measure  that  coutdinjure  the 
animal**  get  approval  through  the  chain  of  command. 

2.  True. 

3.  True. 

3.  True. 

4.  Fabe.  They  carry  ectoparasite*. 
5-  True. 

6.  True. 

C13  -    L-  They  carry  disease:  they  serve  as  hosts  to  parasites  thai 
attack  people;  they  create  an  overwhelming  ammonia  odor; 
they  make  noise. 
2.  They  control  insects. 

C14-    1.  True. 

2.  False.  At  dusk. 

3.  True 

4.  False.  It  is  difficult, 

5.  True. 

6.  False.  It  does  not  give  taring  control. 
7h  False.  They  are  the  only  one*. 

3.  Fake.  Most  eat  insects.  Only  vampire  bats  feed  on  blood. 

*  True. 

10.  False.  New  bats  are  attracted  by  this  odor. 
1L  True. 

C23  -    1.  (I)  h. 

(2)  d. 
<3)  b- 
(4)  i 
<5)  c. 
<6)  g. 

Cl3a-  1,  True. 

C25e  *  2.  You  usually  will  be  concerned  with  birds  that  roost  in  large 

Hocks, 
C25e-  4  True. 
Cl3a-  5  True. 

CZ5a  -  6,  Species  that  typically  roost  on  or  in  manmadc  structures  are 

of  particular  concert)  to  you_ 
C25e  -  7.  Pigeon*  roost  on  ledges,  rafters,  and  other  structures  that 

give  them  protection  from  harsh  weather  and  predators. 
Cl3a  -  8  True, 

C25»  -  9.  Food  and  feeding  habits  of  birds  vary  with  species*  season. 

and  availability  of  food  items. 
C25a-!0.  True. 


C2S1-II.  ReaVwiBiad  Maikbifd*'  diet  consists  largely  of  i meets 

during  the  nesting  season, 
C29g-ll  Troc. 

C23a  -13.  Feeding  flock*  of  bird*  may  pose  a  bud/ aircraft  strike 

hazard* 
CUb-14.  True. 

C2Sa  -15.  Bard*  specie*  differ  in  inttr  ability  to  lcam. 
C25e-I6.  The  kamiog  m  the  dectining  re*  pome  to  t  simple  stimulus  JJj> 
wita  no  punts  omcnt  associated  with  that  stimulus*  "N 
True. 


C35g*l7 

C25b-  I. 


a.  Primaries. 

b.  Side. 

c.  Crown, 

d.  Foreteeth 

e.  Lore; 
t  Throat 
g.  Breau 

h*  Secondaries, 
i.  Flank, 
j.  Crissuta. 
k.  Rump. 
1. 
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C25b  -  2. 
C25b-  3. 
C25b*  4. 
C25b*  5. 


C23c*  1 


til  Nape, 
n.  Crown, 
o.  Forehead, 
p.  Chin, 
q.  Throat* 
t.  Breast, 
s.  Belly. 

Primary  and  secondary  feathers  make  up  the  flight  leathers* 
Acts  as  a  brake  to  slow  flight. 
Tearing  the  food  apart 
CI)  c. 

(2)  a. 

(3)  e. 

(4)  b. 
tf>  f. 
[6>  d. 


(1)  a, 

(2)  e. 

(3)  b. 

(5)  a. 

(6)  a. 

C23c  -  2.  Psittacosis. 

C25c  ■  3.  A  protective  maik  must  be  worn;  it  should  be  of  the  dispos- 
able type. 
C25e  -  4.  Incineration. 

C2Sc  -  5.  Loss  of  lives  and  destruction  of  aircraft 
C25e  -  6.  Engines  sitting  idle  for  repairs. 
C25c  -  7.  House  sparrows  and  starlings. 

C25d  *  1.  (I)  b. 

(2)  e, 

(3)  C< 

(4)  a. 
(S>  c. 
<6)  b. 

(7)  b.  d. 

2.  Habitat  modification. 

3.  Obtain  an  appropriate  permit 

4.  Netting  or  crisscrossed  wire. 
Sharp  spikes. 

Transient  roosting:  loafing. 
100  yards. 

It  persuades  the  birds  that  they  are  not  in  danger,  and  they 
will  ignore  the  tape. 

It  must  have  a  no-choke  or  an  open-choke  barrel. 
Leather  gloves,  ear  protector*,  and  goggles. 
Four     plosive  B  placards. 

A  Impound  Band  C  type  fire  extinguisher  must  be  available 
and  you  should  have  two  on  hand. 


C23d 
C25d 
C25d 
C25d 
C23d 
C25d 
C25d 

C25d 
C23d 
C254 
C23d 
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ERLC 


47a 
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C15d 
C25d 
C25d 
C25d 
C25d 
C25d 


C25d 
C25e 
C25c 
C25e 


-19. 


-  3 


C23C-  4. 


C23e  *  5, 


C26- 


C27  -  L 


C28  -    I.  I.  Thty  separate  from  ihc  *oH  and  arc  no  longer  dCpendtni 
on  ihe  soil. 

2.  C 

3.  C. 

4.  I-  During  normal  growth  these  plan  is  will  extend  above  the 
waier  surface. 
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Recorded  distress  or  alarm  calls.  c29  ■ 

They  have  a  tow-operating  cost 
Cracked  com.  peanut  butler,  or  apple* 
At  least  40  mile*. 
With  an  indigo  red  dye. 

Verbail  pole  trap  and  the  BaL-Chairi  irap;  the  Verbail  Xrmp 
snares  birdi  of  prey  by  ibe  feci  when  tbey  perch  atop  a  pote. 
The  BaJ-Chatri  trap  uses  nooses  lo  entangle  ifc  feet  of 
raptors  that  are  attracted  fcy  live  bait  in  i  cage. 
The  U.S.  Fish  and  WiWIife  Service. 

When  Che  problem  is  just  beginning  lo  develop  of  even 
before  it  begin*. 

Past  eapcrience  and  good  documentation  ihouk)  be  cm- 
ployed: 

The  location  in  which  birds  carry  out  iheir  activities  could 
cause  a  problem;  therefore,  you  must  determine  specifically      C30  - 
what  Ihe  birds  are  doing,  where  Ihey  are  doing  it,  and  when 
they  are  doing  it 

Food,  water,  a  place  to  nesi.  add  a  place  to  escape  their 
enemies  or  avoid  harsb  weather  will  attract  birds  to  the  air- 
drome environment.  They  may  be  eliminated  by  habitat 
manipulation. 

To  maintain  historical  data  on  pest/ hazardous  bird  species. 
It  will  help  you  in  identification  and  evaluation  of  pest 
problems  so  that  you  may  decide  if  active  control  is  needed. 
Lc  also  it  useful  in  future  surveys.  You  also  should  record 
weather  Conditions  as  they  affect  bird  activities. 


1.  Mechanical 

2.  Size;  terrain:  equipment  and  operators. 

3.  Gsnals  and  drainage;  ehayi:  i meter* 
4*  Rooted;  cmersed. 

5.  Back;  opposite  direction, 
G.  Raking, 

7.  Weeding  for  Jut;  buckets. 

8.  Mud;  capacity. 

9.  Complete  drainage' 
ID.  Searing,  bum. 

11.  Sides. 

12.  Weed  saws;  cutters;  emerged, 

13.  Chemicals;  sprays  or  granules. 

14.  Porous;  chemicals;  dragged:  dissolved. 

15.  Fish  and  snail*;  eliminate 

I.  C. 
1  C. 

3.  1<  Vines  climb  on  other  plants  or  sprawl  on  the  ground. 

4.  C. 

5.  I.  Some  plants  have  both. 

6.  C. 

7.  1.  Considerable  labor  is  required. 

S.  1.  Used  where  hazards  of  poisoning  are  not  important 

9.  C. 

10,  C. 


C3I  -    1.  T. 

2.  T. 

3.  T. 
F. 
F. 


CHAPTER  2 

Their  ability  to  thrive  in  cultivated  land. 

(I)  Underground  roots  ontems.  Iliiseharactensiiepermits 
weeds  tq,  to  persist  even  if  seed  production  is  prevented. 
Cultivation  spreads  pieces  of  roots  to  other  areas.  C32  - 

<2)  Abundant  seed  production.  Weeds  produce  thousands 
of  seeds  chat  can  live  from  10  to  50  years. 

(3)  Rapid  growth.  Seeds  form  before  control  measures  can 
be  taken. 

(4)  Competitive  ability.  Weeds  can  compete  more  success- 
fully than  desired  plants  Tor  lilht  and  nutrients.  C33  - 

{$)  Unpala lability  to  livestock.  Weeds  can  reproduce  and 
spread  Without  btint  hindered  by  animals. 

a.  3 

b  2 

c.  3 

d.  7 

e.  10 
f  I 

g.  6 

h.  £ 

i.  4 
j*  9 


4. 
5 

6.  F. 

7.  T. 

8.  F. 

1.  Wide  leaves:  netted. 

2.  Clusters:  nodes:  branches. 

3.  Dicots;  germination 

4.  Deep  and  strong. 
3,  Tap:  lateral. 

I-  C. 

2.  I. 

3  C. 


C. 
I. 

c. 
c. 


S.  I. 

9.  C. 

10.  C. 

11.  I. 
12T  C. 
13.  C. 
14-  I. 
15.  C. 
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STOP-  I.  MATCH  ANSWER  SHEET  TO  THIS  EXERCISE  NUMBER, 

2.  USE  NUMBER  2  PENCIL  ONLY- 

EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 

56650  G7  12 

Collection,  Identification,  and  Control  of  Important 
Vertebrate  and  Vegetative  Pests 

l/urrfull}  read  the  fol lowing: 

f  Check  (he  "course, ' h  "volume.  '  and  "form"'  numbers  from  the  answer  sheet  address  Cab  against  Che 
"VkH  unswer  sheet  identification  number"  in  the  righihand  column  of  the  shipping  list.  If  numbers  do 
mil  maich,  return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a  note  of  explanation, 

2    Vnie  thiit  item  numbers  on  answer  sheet  are  sequential  in  each  column, 

*    Lse  u  medium  sharp  #2  black  lead  pencil  for  marking  answer  sheet. 

4.  Write  the  correal  answer  in  the  margin  at  the  left  of  the  item.  [When  yuu  review  for  the  course 
L-wminathm*  you  can  cover  your  answers  with  a  strip  of  paper  and  then  check  your  review  answers 
gainst  your  original  choices  J  After  you  are  sure  of  your  answers,  transfer  them  to  the  answer  sheet.  If 
you  have  to  change  an  answer  on  the  answer  fneet,  be  sure  that  the  erasure  is  complete.  Use  a  clean 
eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible, 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

fv  Keep  Volume  Review  Exercise  booklet  tor  review  and  reference. 

7    II  mtmduTorHy  enrolled  student,  pioccss  questions  or  comments  through  yuur  unit  trainer  or  OJT 

supervisor  Ll  Vithmturih  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form  17, 
(U>NTs; 

1  Don't  use  ;msvscr  sheets  other  than  i>ne  furnished  specifically  lor  each  review  exercise. 

2  Dnn'i  mjrk  on  lhe  answer  sheet  except  to  fill  m  marking  blocks.  Double  marks  or  excessive  markings 
which  overflow  marking  blocks  wiEl  register  a.s  errors. 

i    Pont  Inkl.  spindle,  staple,  tape,  or  mult  late  the  answer  *,heet. 
1    \hm  i  u^e  ink  or  any  nwrkinu  other  than  a  #2  black  lead  pencil, 

SOTtl:  NUMBERED  LEARN  INC*  OBJECTIVE  REFERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the  VRE  is  the  Learning 
Ohjtt'HVf  Sumher  where  the  answer  to  that  item  can  be  located  -  When  answering  the  items  on  the 
VRE,  refer  to  the  Learning  Objectives  indicated  by  the^e  Numbers.  The  VRE  results  will  be  sent  to 
you  on  a  posiearU  which  will  list  the  acuutl  VRE  items  you  missed.  Go  to  the  VRE  booklet  and 
Incuie  r he-  Learning  Objective  Stmihers  for  the  items  missed.  Go  to  the  text  and  carefully  review  the 
uieus  cmered  hy  these  references  Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  Examination, 
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MULTIPLE  CHOICB 

Xtifi  in  \turtt  at   £  '  "ii^nL  i  jlh  \um  cn  cnolully  ;nu(  s^Jeet  the  /«•>/  niiswcr  tociieh  <|itc>tmir 

I    '(  "I  i  k,jlwfi^linv  |iio|tctIy  liy 

*i    jjuau  me  thiou^h  wood,  brick,  and  concrete. 

b    uo/i  lamination, 

i     kiJlme  demotic  anrmulv 

d    lilting  all  ol  (he  jhovc. 

2r  i OH  >  Which  of  the  fallowing  disca.se*.  caused  by  rodent  contamination*  is  a  food  poisoning  disease  that  causes 
diarrhea  and  dysentn  ' 

a    I'lajUlc.  L\  KiekciLsialpox. 

h    SjfnionclloMs  d.  Murine  typhus  lever. 

\    f  {  rjj  j  Which  i>nc  ol  the  Loll  owing  is  tht;  most  common  and  largest  of  the  domestic  rat.s? 

*i    Kt^l  c.  Norway. 

h    llou>e  d.  Russian. 

J    <  (  i>  \  j  The  jfokition  pern  kJ  tor  murine  rodents  \\ 

.1    1  weckv  e,    1 2  weekv 

h    d  wcuLn  J,  24  weeks. 

s    iCfMi  Newborn  rat>  and  mice  open  their  eyes  at  about  how  many  days  of  age? 

a    7  e.  21. 

b    14  d.  28. 

fi    K'lH)  Wherr  rat>  arc  exposed  to  a  ne\*  type  of  food,  what  is  their  first  reaction? 

it.   Avoid  the  new.  fot>d.  c.  Hut  u  small  amount, 

b    Ln  unly  ;ji  loken  amount.  d.   Eat  until  full. 

* 

t    \i  'tl4 1  kat>  prcter  to  climb  or  run  along  paths  that  are 

a    horizontal .  e.   tienilv  sloping.  £ 

h    vcritcjl,  d.  open  and  exposed, 

x    (C(U)  Kat>  ean  make  a  Munding  high  jump  of  approximately  how  many  feet'1 

L(    2  e.  5 

b    *  d,  7 

'*    fO^j  Which  ot  the  lojjowmtrtoods  is  preferred  by  Norway  ruts'.1 

n    Onions  e.  QatmeyL 

It    C  elers  d,  Highly  spiced  foods 

0  >    r<  i  i>  t  Whitb  is  tliL  hot  sijieineni  concerning  the  feeding  habile  ol  murine  rodents  ? 

i  Ml  ihrcc  »|>eues  hjve  regular  eating  habits, 

h  All  siirec  species  hj\e  irregular  canny  habits 

s.  K,ii*  uMialK  hctfiti  Mrjrvhinc  far  food  alter  niidnight. 

d  \t ^  .iic  >te^d^  cjicrs,  rut^  .ire  nibbles 
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II    in  Wit  (ieneraJly.  ItnJin^  rat  dropping  of  several  sizes  indicates 

.[    nunc  ih.m  one  i>j\.'  ol  rut  K  infesting  the  area, 
b    alieaw  inlcsiaitoii  of  rat> 


  '  Cr 

the  is  pe  ot  UwhJ  rats  have  been  catiny,-  K 


1 1    social  a^o  "I  rau  arc  prc.Ncni 

I J    ri  iiih  Where  are  Norway  rat  iuiin  normally  found? 

li    Anywhere.  '  c.  In  the  j:r;is,v 

b    c  in  the  rool,  d.'  Near  [he  floor. 

n    f(  U7j  What  is  i he  {trtmttrv  laelnr  influencing  rat  infestations'.' 

a  Rubbish  m  the  area. 

h  Infrequent  refuse  collection, 

l  Amount  of  ftktd  and  harborage  available. 

d  Temperature  and  humidiiy  ran**e. 

It    ic  07 1  Sanitation  fur  the  control  ot  rats  and  mice  involve*  storage  of  foodstuffs  how  many  inches  off  the  floor? 

*>    2 in 3  e.    12  to  IS. 

h    4  in  ft  d,  24to3ci, 

r c  *t m t  Whai  M/e  iiicNb  hardware  eloth  i>  suitable  for  rodentproofing? 

,i    I  -H-ineh,  e.  !/24neh, 

b    |  4-iiis.h.  d.  3/4-meh. 

Hi    r(  OKi  Which  lypc  ol  trap  is  most  efficient  for  killing  rodents? 

.i    Sieel  *  t:  Cajie. 

b    Km  d.  Snap. 

f  7    i C  "i  ik i  W  lui  ivpe  ol  bail  does  The  Norway  rat  favor  ' 

liacon  and  yrains  e,   Potatoes  and  nuts, 

b    Cheese  and  e^s  d    Meat  and  fish, 

!K    U"0*;>  The  overall  Jwiportaneeof  field  nuce  and  rats  on  a  mihrary  msiaJJyfjon  xsprimarih 

a.  economic ,  l\  nuisance, 

h    morale.  d.  mecficaL 

PJ    ti'  [tii  What  Npeuo  <>t  mice  Ine  primarily  on  the  surface  and  may  even  live  and  travel  about  in  trees* 

a    Rkc  mice  e.   Meadow  mice. 

h    pine  rmve  d.   While-footed  mice- 

Jin    lCMiu  Whieh  rat  is  chiefly  ve^elanan,  eating  flowers,  fruit,  seed,  and  bark  * 

a    kiee  *  l'  Wond. 

u    Pmc  d.  Meadow 

2 !    f  (1  I »  W  hen  inipnni:  rneadi     and  pi  we  mice,  uh.it  shciutU  vou      as  ban  V 

,i    liait>n  or  cccn  i* -  S^rup  nr  molasse.s. 

h    *  >aiiueal     apples  d.    Poik  nr  bevl 
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22    i C  I  h  When  hmimj:  f(  ir  field  mice,  where  should  you  place  the  bait? 

.1.  Nem  tlic  trunk  ol  trees, 

h  In  trra^s  close  to  ihc  trail 

l  Ahimi  uric-hid  I  inch  below  ground, 

d  J>irectly  on  ihc  llnurot  use  J  trails. 

-I  *    >(  12)  ft  huh  u|  Ihc  lulliiwiri£  lerul  rodents  iire  colonial  und  live  in  "towns"? 

.i    WinjilUi  cks.  c.   Prairie  dngs. 

h    Groundhogs  d,  Ground  squirrels 

24    \C\1\  Whul     the  AWrtft'W cuneem  whh  feral  rodents  on  a  military  installation? 

a    Morale  c.  Nuisance, 

h    Medical,  d.  heonomie, 

^    if  I  ^  I  u  trap  jrrnund  MjuirrcK  whal  bait  is  beM? 

.i    Apple.  c.  Candy, 

h    Oiiina-Lil  d.   Peanut  butter. 

2f>   iCU>  Tt i  control  members  of  the  squirrel  family,  the  recommended  dosage  of  poisoned  grain  bait  is  one 
uhluspoiiniul  ol  gram  scattered  over  an  urea  of  how  many  square  feet? 

.i    I  -2.  c.  20-25, 

h  d,  50-100. 

27    M  ' I  t »  On  what  items  dn  gophers  teed? 

Li    KihjIs  ^nd  hidhs.  c.  Cereals  and  closer, 

h    I  A.ii^LS  ianj  sieim  d.   Bark  and  Itdia^c. 

2N    tf  I4i  Winn  is  the  hr\t  way  ui  Joeaic  ihc  J»iim  runway  of  a  gopher? 

,j  ( ihservin^  the  mounds 

h  i  vinji  j  probe 

^  Flushing  wiih  a  water  hose. 

d  Ohsers-inc  the  grasses  above  ihc  runway 

ZK)    t  f "  I  ^  j  All  Hi  the  b»l  lowing  iirc  iruc  rahbits.  of  the  gzniisSy/vihi#i4±m  excepi  the 

,i    |uck  rahbit,  t  <•    marsh  rabbit, 

h   toiioniuil  J  d,  brush  rabbit. 

so    iChi  Which  ol  the  tollowmg  characteristics  Uiwf  true  of  hares  und  rabbits,' 

.i  1'hey  are  heavily  furred,  with  long  cars  and  elongated  hindlegs, 

h  1'hey  damage  irees  jnd  erosion  control  plants 

i  I  hey  are  carriers  of  spotted  fever  and  tularemia, 

d  I  bes  can  he  controlled  by  cpi/ootics  a!une< 

M    if  W>»  1  pott  ^ h:al  vendition  Jihts  ihe  distribution  ol"  moles  largely  depend? 

,i    E      MtppU  c.  Atmospheric  humidity, 

h    ft.iu?  MippK  d.   Mmo^phcnc  temperaturi:. 
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12.  \C\h)  Approximately  how  muny  yurtkcun  a  mole  travel  through  kn)!>e  HUtl  in  a  day? 

;*    s  e.  50 

h   2S  d.  100 

u    rt  I  7 #  Which  oi  the  mtilf  \  senses  st-cmsio  be  ihe  im^r  poorly  developed? 

,i    Heurme  ti<  SighL 

h    [iHJih  d.  Smell 

U    i(  1 1\  fn  proportion     irs  wo^hi.  hnw  much  i<hr!  will  a  nui^  eai  m  a  day/ 

l>      JS  [KTLLMl  ,  d      HHJ  |VICC11I 

IS    n  lHi  Whui  action  will  a  iimle  luko  il  an  opening  is  made  in  its  runway\' 

runnel  amuml  the  hrcaeh  u.  Abandon  the  runw;iy< 

h    Kepjir  Hie  hrcxh,  d.   Ignore  ihe  brvaeh. 

Wi    if  pj)  When  (rapping  niolc.s.  it  is  important  lor  you  to  bi*  aware  or  a  molt:** 

j.   leedinj:  habils. 

h    pcniMJs  u(  inaelivny . 

l    unsu^pe^tin^  liature, 

d  #  sensitivity  io  an  unnatural  Environment. 

*7    <t  IV]  The  niclhod  ol  eliminating  moles  thai  is  universally  applicable  and  satisfactory  is 

ii    dnmtning  c.  gassing, 

b    irappini:-  d  bailing, 

i«    if  JIH  Shrews  ni;j>  hi.1  eharaeteri/ed  as 

,t    i^uivr  e  playtui. 

irenile  d  belhiierenc. 

Jo    t(  2\n  I  he djvf  oJ  shrews  uwjsisis prnnurth  oj 

j    jirjin  c.  animal  I'otxL 

b    nuiis  d<  vegetables. 

i(  2h  SV/t'f  /      t  f'frt'ii  staiement  concerning  predatory  animals. 

j  I  he\  niav  he  k  if  led  without  prior  approval  of  The  command  eniomologisr 

h  I  hes  dTC  reserve  y\  rs  for  rahies< 

l  Ities  present  jkj  hazard  lo  .urfidd  equipment. 

J  Prodaion  am  mats  are  conlroJled  by  natural  extinction, 

il    i(  ~:_2\  V>  ho  \r*>  uwniJI  r  cspn         n>  lor  controlling  dome  she  pets? 

.i    <  JvMicr  e    KnromoJouy  specialist 

r    Set'tiMf\  pjiht  e  d^    Ba*e  hospital, 

'  C  ^ J  ■  I ^  ii  mihfjn*  hiTU^me  iimr^  vuU  have  approximately  how  many  domestic  animals? 
a    ~  c  in 

h     t  d  2n 


629 


41    iC2}t  Jnwhat  wa> arc  but*  considered  beneficial  to  man* 

it.  They  mtnm!  mher  untrnal  populations  by  transmitting  diseases  to  them, 

h  Thc\  innsu n le  hutrc  numbers  of  insects, 

v  I  heir  c \crcmciil  is  a  source  i»l  rich  fertilizer, 

d  Thejp  urc  valuable  in  medical  research. 

44    K'24*  IJn%*  can  Kais  he  eiaitmlled  without  killing  them? 

,1  Us  treat  um  loud  noises  at  «<ghl. 

h  By  SLUtterifiL1  L>anide  pellets  around  roosting  places, 

c  tt\  M.aiicrin|£  napthatene  Hakes  around  roosting  places, 

il  Hy  ereatrnt!  loud  noises  during  the  daytime, 

q  4r>    K"24>  hVm^ation  is  undesirable  tor  but  cunirol  because 

a  some  bats  are  immune  to  fumi^ants. 

b  the  bats  leave  when  fumigation  starts  and  return  Lure .  v 

\  bats  should  not  be  killed,  i 

d  unrecoveruhle  hats  decompose  and  create  an  offensive  odor, 

4f>.  iC2!>)  II  jfefciing  sparrows  leave  corrosive  droppings  or  holes  in  a  building's  screening,  the  problem  is  bt>M 
dciincd  as  L 

i\    bird  damage  c.  a  bird  hazard, 

b    a  bird  strike  -  d.  a  bird  nuisance. 

47   \C25)  When  birds  present  a  potential  threat  to  health  or  safety,  the  condition  is  referred  to  as 

a    bird  maifci^emeru/  c.  bird  damage  control. 

r>    a  bird  hatard  /  d.  pe.st  birds. 

4H    iC  Wi  Which  ot  I  he  following  characteristic*  determines  where  a  given  bird  species  will  ncstt  roost,  or  teed? 

j    Cover  c.  Habitat, 

h    C  "i ili iny  d s  Territory 

4l>    it '  \~? )  I  he  areas  *here  birds  must  during  dayhghi  hours  arc  culled  \  <v 

ij    IimI  mii  areas.  c.  resting  sites, 

h    kedmi:  ^nes  d    roosting  areas. 

*o    iC37  p  Which  or*  the  lollov.  in^  most  accurately  depicts  the  feeding  habit  of  the  bird  species  indicated? 

j        jjlims,  herbivorous  and  insectivorous, 

h  Starlings,  herbivorous  and  granivorous. 

s  CiullsT  omnivorous 

d  1  lauks.  omnivorous. 

^1  Hirdsihat  feed  upon  dead  plants  jnd  animals- are  referred  to  as 

,i    scavengers  e.  omni vores. 

h    '_'rani ^ iires  d.  herbivore. 


j  {  ^  j  ]  low  Jo  birds  k  jrn  * 

a        *ihsL'rs,itiL>n.  thdfivv..  jnd  stimulus 

h  t{\  itmI  *irni  error,  change,  Lind  stimulus 

\  If  \  pi  jvi  k  c .  experience.  jikI  obser^  at  ion 

<j  IU  pkjlMl  .  exrvn^iLL*.  and  inul  and  error 
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5  *    I C".^~? i  ILibmiutum  results  in 

ii  hnls  learmnt  that  distress  e  jIK  ur  noise  makers  represent  no  real  danger, 

h  birds  reacting  io  ihi*  si^ht  ol  dead  birds  Ijy  flying  away, 

t  birds  Icurnint:  that  j  shotgun  blast  enn cause  harm. 

d  birds  heini:  frightened  by  distress  calls.  ' 

^}    \t        Mil-  mp  ol  a  bird's  head  is  re  I  erred  to  as  the 

-i    njpc  e/  crown 

b    lore  d.  skull. 

ss    if  "*Xj  The  inner  Hitrhi  feathers  muinjy  responsible  for  the  bird's  lift  are  culled 

i    lIi\lMs  u.  scapulars, 

b    pi  niKjrtirs  d.  secondaries. 

>f»    1 0M  I  he  LO\eri  leathers  nl  the  shoulder  area  of  a  bird  jre  referred  to  a.s 

.l    primaries.  specuiars. 
h    SLUpuJjrv  d.  secondaries. 

"  m 

s7  The  speculum  ot  aduek's  wing  is  pan  ofihe 

a    »i:^<indiir>  teachers.  c.  tail  coverts, 

b    primary  feathers,  d.  scapulars. 

>J<    i  C "  2X  j  [dentils  the  pesi  hirds  chat  hii vt:  lon£  pointed  wings,  hooked  bills  and  usually  have  square  tails, 

j    f  lulls,  l\   House  sparrow, 

b    Piifenns  -  d.  Common  grackie. 

s*j    if  *Xj  W  |jk  In 'I  l  he  following  pest  birds  wiis  introduced  trnm  burope  and  is  jetuajl\  a  small  weaver  finch? 

a  Huusl  -*p;irrow  Starling* 
b    knek  dme  d.  Spjmm. 

mi    it  Xlh  Hoih  hisiopLjsnin%is  uiiU  psittji^osi *  are  common!}  contacted 

a  In "i)i  Hues  ii|  domestic  milenls. 

b  tmin  hilcs  I  mm  any  insect  \eUnr, 

%  b\  wydmi:  in  contaminaicd  ponds 

Ll  b\  inh^l  iition  ol  contaminated  dust  or  panicles. 

h  I    i{  ^t)  t  )rK-  nl  the  maM  seruius  diseases  associated  with  birds  is 

a    nulaOii  c.  encephalitis, 

h    psntacosis  d.  histoplasmosis, 

rO    tC^>\  -M    har  phase  t«r  tl operations  do  aim* m  half  of  all  bird  sirike  occur? 

.i    I >utini:  erimiiie  llitihl  // 
J}    Umme  take -nil  and  Ending 

Dunne  Inch  jlirfude  llryhf  *  s 

i!    1  )uniie  engine  warm-up  and  shutd^u  n  " . 
V  - 
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M    t<  *[ty  More  than  luil I  iH  the  bird  striltes  that  result  in  aircraft  losis  arc  involved  with  which  one  of  the  following 

Lit  1<  >rs  1 


1 1    I  lie  .mvraii  \v  mt:.  c.  Windscreen  or  canopy  collisions, 

h    F'iMirpiliii  avoidance,  d.   Loss-  of  rudder  control. 


M    H  it»j  What  is  the  hr\t  solution  10  keep  birds  from  feeding  on  insects  thatare  exposed  during  airfield  mowing 
i»|H.aMijiiriv  thereby  causing  a  strike  hazard? 

i  Apply  .1  suitable  ovicide, 

h  Apply  j  suitable  insecticide, 

t  \1i»vv  crass  at  nipht  or  on  weekends. 

tj  Mow  jjrawonl)    hen  dearanee  is  t!iven     b;isc  operations  personnel. 

^s    [(  [i  ii  \\  hiLh  nt  ilic  Ji  >lUi\Mriu  t>  |hjs  ot  repulsion  is  w/  generally  used  on  an  mrlield,1 

'    liKtile  e.  Behavior, 

h     I  ;j\te  «xJor  d.  Auditory. 

Mi  Denying  birds  access  in  an  urea  where  they  can  potentially  cause  problems  describes 

j.  aJierme  the  situation  c.  altering  the  concept, 

h   exclusion.  d.  repulsion. 

f»7    u  in  i  WhiH  hird  Lonirol  technique  arc  you  usine  if  you  reduce  the  birds*  habitat  in  the  area  near  an  airfield. 

j         lusum,  e .   Alter  the  concept. 

h    Repulsion.  d.  Alter  the  situation. 

■i 

r>K    i(  4h  Before  uny  bird  problem  can  be  effectively  and  efficiently  controlled,  it  must  first  be 

11    identified  and  documented.  c.  evaluated  and  described, 

h    dentil  icd  and  evaluated,  d.  described  and  documented. 

iri    it'll  i  \Vh.;ii  js  rhe  ptttnurv  reason  you  should  determine  whether  birds  observed  are  resident  or  transient 7 

it  kesident  birds  are  protected  by  state  law. 

h  Mii;tuli*r\  birds  iire  protected  by  tcderal 

t  1  nmsicm  buds  injy  s*ton  leioe  I  he  area  on  their  i>\mi 

il  I  rJMsiL'iii  birds  ;ire  harder  to  repel  tfian  resident  bads 

7u    i(  -U  >  When  should  yL>u  begin  a  bird  control  program? 

.j  Helore  .i  bird  strike  occurs 

b  Hetorc  a  n^isi  ts  established 

l  \Itor  .i  seasonal  pattern  is esuihlished, 

-I  Helnre  .t  scati»n«iJ  pattern  is  established 

"  I    i(  i[  i  In  jiieiiecri^e  bird  management  program,  a  complete  installation  inspection  should  be  conducted  every 

,L     t  S^  1 1  %t  Lie  ks  e.  month. 

b    six  ^vek\  d.  ^ear 

'*    i<  r^i  W  Jut  is  ifx         impurijnt  ijrovuh  characteristic  of  weeds  * 

i  {  i*jnpehij^c  jhiluy 

h  kapid  -iirnw  th  ability 

i  '\hunduni  seed  production 

o1  Ahil  ilv  to  ihro-e  in  eidt  w  uled  land 
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7  l    ft  27)  What  type  of  plant,  propu^nted  by  seed  only,  requires  two  seasons  to  complete  its  reproduction  cycle? 

,i    AnnuaL  c.  Perennial,  ✓ 

h    iticnmal.  d,  Scininannuid.  &r 

74    ii'21)  Whui  typcoj  wee  J  wuh  creeping  roots  or  stems  is  generally  considered  to  be  the  most  mouous? 

.i    Amni.iJ.  e  Perennial. 

It    Uienmut.  d.  Semiannual. 

7^    tt  2kj  hmersed  uquatic  plants 

use  the  bottom  of  u  body  of "water  tor  germination  only, 
h    flout  on  the  water  surface. 

c    ure  I  irnily  railed  to  ihe  soil  and  will  extend  above  the  water  surface, 
d    complete  their  entire  life  cycle  below  the  water  Mirfaec. 

7f*    i<  "JSj  To  what  LJtrnup  ot  jquatie  plums  do  algue  belong? 

j    kmersed,  c.  Suspended, 

b    Routing.  d.  Submersed. 

77    iC2s>>  WhJi  i^  the  ;m#jw  popular  aquuiic  weed  control  measure? 

j    Chemical  %  c.  Mechanical. 

b    Uioloineal  '  d.  Natural  extinction. 

7H    r<  2v>  Which  mechanical  control  measure  is  equally  effective  far  all  types  of  aquatic  vegetation? 

.<    fireiteing  c.  Burning, 

h    Chaining  d.  Mowing. 

\  C  Mi  o  Which  ol  the-  inllowing  tniil"  is  /n>/  a  characteristic  of  wikhK  plants? 

j    k<»i>[  n\ sEeni  is  l\ tensive 

h    Itnnchcs  aft:  icluovely  ^turd> 

i    <  >nk  eiow  lo  about  twcKc  leei  in  height. 

d     I  runk  i**  sell  ^upptnljnc 

SO    ir«o  Whu?  in  [he         satisfactory  chemical  application  method  for  controlling  brush  that  is  over  0.9  meters 
Nil  I  ,dnm!  roadsides  1 

j    Sump  application,  c .  Bjsal-bark  application, 

h    Sod  application,  d.  Foliage  application, 

St    it  U  >  What  are  cotyledons 1 

i    <  iru*^^  W'lth  hhrous  root  system* 

h    I  in*  lout'- like  siructures  thut  emerce-from  eermmated  *eod. 
<     The  para  Jler^enal  ions  ol  i!ra^  leaves, 
d    <  iiasses  ih;tt  jrc  perennial . 

■V    i(  ^ 2 ■  Which  m  the  Uilluwine  i-  «<j/a  eharnetcrisiie  ol  herbaceous  brojdleaf  plants? 

i  11k  ohiI  is  relatively  shallow  and  extensive. 

K  11k  1im\c^  .ire  relative!)  wide  vv  ith  netted  venation, 

v  1  Ik'u  arc       ItMl-like  -tuielure-  lhat  appear  upon  uerminiuum, 

u  1'hcTc  arc  lIimct^  of  Jeavo  Jt  the  ends  oFhrundies 
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H*    a  *2  j  Wlim  lype  ot  ctrtylcdon  are  herbaceous  broad  leaf  plants? 

*i    I  )iLiityL*d4iiiN  c.  Munocotlydons, 

h    ]  rtLiillydnns  d.  Quad  ricotly  don*. 

sj    i!  i^i  What  i>pe    control  is  often  ihc  only  method  available  For  controlling  weeds  in  inaccessible  areas'? 

,j    Mechanical.  c>  Chemical, 

h    Hmlngieal.  d.  Nutural  extinction. 

jo   if       Whui  is  the  mmi  practical  mechanical  method  fnr  controlling  annual  and  biennial  weeds  from  early 
spring  lo  midsummer? 

j    Mowing,  c.  Mulching, 

h    Hurning.  d-  Cultivating, 

Mv  ct  34i  Whui  type  of  herbicide  would  be  used  to  kill  all  types  of  vegetation  by  killing  the  plant  tissues  that  are 
sprayed? 

j    Contact  -  nonselective.  c<  Trans  locative  -  selective, 

h    ("nn tae i  -  selective.  d.  Translocative  -  nonselective. 

«7.  i04i  What  type  of  herbicide  is  generally  used  for  controlling  grasses  and  herbaceous  broadlcafs  in  areas  such 
as  Murage  areas,  lumberyards,  and  parking  lots'.1 

a    Contact,  '         *  Soil  sterilant. 

h.  Trans  locative,  d.  Selective. 

tftt    ((75)  At  whai  range  tit"  pressure  should  spray  equipment  be  nperated  to  reduce  drift  hazards  of  herbicides? 

a    JOtofjOpsi.  c.  9Gtol20psL 

h    6(1  Id  W  psi.  d^    120  to  150  psi. 

-so    K'ISp  what  situation  provide4*  the  /w.v/  condition  for  selective  cimtrol  of  weedy  grasses  growing  in  iurf  grasses? 

a  Ihc  ueedy  yrass  is  a  perennial  and  the  lurl  grass  is  un  annual, 

h  I  he  *eedy  tiruss  is  an  unnual  and  the  turl  grass  is  a  perennial. 

l  [  he  weedy  grass  is  a  biennial  and  the  turf  grass  is  an  annual, 

d  I  hs'  weedy  grass  is  an  annual  and  the  turf  grass  is  a  semiannual, 

•id    f  < "  *r*j  When  applying  herbicides,  danger  of  drift  hazards  to  desirable  plants  is  reduced  the  most  by  using 

a    nun  volatile  lit|Uid  herbwides,  c,   nonvolatile  liquid  herbicides, 

h    vobu]e  dry  herbicides.  d.  volatile  liquid  herbicides. 


END  OF  EXERCISE 
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MODIFICATIONS 

\A?  /u/y?  C      j?   OF  THIS  PUBLICATION  HAS  (HAVE)  BEEN  DELETED. 

THIS  MATERIAL  USES  MILITARY  FORMS,  PROCEDURES,  SYSTEMS,  ETC,  AND  IS  NOT  CONSIDERED 
APPROPRIATE  FOR  USE  IN  VOCATIONAL  AND  TECHNICAL  EDUCATION. 
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CHANGES  FOR  THE  SUPPLEMENTARY  MUTE  RIAL:     56650  00  SOI  7802 

PEN-AND-INK  CHANGES: 

PACE  LIHE(S)  00RRECTI3N  

/Cover  6  Change  "Appendixes  A  and  B"  to 

N Appendixes  A,  B  and  C." 

1  7  After  "Volumes"  insert  T3,." 

y  1  Add  "Appendix  C.    Integrated  Pest  Management 

Methods." 

J ADDITIONAL  PAGES;     Insert  the  following  additional  pages:    63,  64,  65,  66, 

67,  68  and  69. 
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CHANGES  FOR  THE  TEXT:     VOLUME  2 

Pm-AND-IM^-  CHANGES: 

PAGE- u 01     SUBJECT         "  LINE £S) 


CORRECTION 


1L 


'v2L 


20  from 
bottom 

11 


Change  "they"  to  "humans"  and  "their" 
to  "insect- " 

Between  "writing"  and  "these11  insert 
"and  recognizing* 11 


On  the  following,  change*" insecta"  to  "Ejexapoda. ,T 


C  3L 
V7L 

/ae 
A 

A 

via* 

^16R 


Table 

*  1-1 


Exercises 
(204)-3 

Exercises 
(204)-5.e. 


Figure 
1-29 


16  from 
bottom 

Column  3 , 
line  7 


5  and  10 

from 

bottom 


11  and  12 

from 

bottom 

5  from 
bottom 

3  from 
bottom 

8 


30 
3 


change  "Distyoptera"  to  " Di&tyoptera. " 

Change  "belong"  to  "belonging." 

Change  "psocQptera"  to  "Psocoptera* " 
Change  "Dictyafatera"  to  "Dictyoptera." 

Change  "exemplify ing,T  to  "exemplify* " 
Change  "elimiate"   :o  "eliminate." 
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PAGE-COL    SUBJECT  LIME<S) 


CORRECTION 


^SOR 
^1L 

/sir 

77R 
77R 
77R 
81L 

83L 

85  L 
87L 

39L 
96R 

113 

115 


Answer 
204-3 

Answer 
232-4 


8  from 
bottom 

16  from 
bottom 

14 

7 

18 
30 

9  from 
bottom 

IS  from 
bottom 

10 

6  from 
bottom 

30" 

IS  from 
bottom 


CHANGES  FOR  THE  TEXT:     VOLUME  3 


17R 

19L 

13R 
20L 


last 

9  from 
bottom 

3  from 
bottom 

1 

2 


Change  "the"  to  "then." 
Change  "plants"  to  "plant." 


Change  "low-boiling  liquid"  to 
wlow~bciling  point  liquid." 

change  the  first  "to"  to  "the." 

Change  " author iative"  to  "authoritative. 

Change  "and  empty"  to  "and  the  empty. * 

Change  "of"  to  "or  the. 11 

Change  "is"  to  "if." 

Change  "half"  to  "halt." 

Change  "and  re-"  to  "and  pesticides 
re--" 

Change  "four"  to  "foul." 
Change  "clean"  to  "clear." 

Change  " Ins e eta"  to  "Hexapoda." 

Change  "Nemotodes"  to  "Nematodes." 


CYlanqe,.,T8tQT^ack,,  to  "stomach. " 
Change  the  second  "be"  to  "by." 

Delete  "that." 

Change  "and"  to  "an." 

Change  "distomaceous"  to  lBdiatomaceous. 
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PAGE- COL  SUBJECT 


LIKE  (S) 


CORRECTION 


20L 
2  OR 

29R 

34R 
34R 
35L 

37L 

37R 
38L 
3BL 

38L 

39  L 

39R 
44L 

46L 

46L 
47L 
53L 

55L 


Exercises 
(4253-4 


16 

19  from 
bottom 

4  from 
bottom 

5 

15 
24 

12  from 
bottom 

15 

12 

30 


29  from 
bottom 


19 

9  from 
bottom 


4 

3 

24  from 
bottom 


Change  "is"  to  "in." 

Change  "together  than"  to  "together, 
rather  than/' 

Change  "ration"  to  "ratio." 


Change  "light"  to  "oxygen." 
Delete  "a. " 

Change  "Phytolanktons"  to 
"Phytoplanktons. 11 

Change  "tood  in*  to  "tool  for. " 

Change  "on"  to  "of." 

After  "When"  add  "integrated," 

After  "measures."  add  "(see  Appendix 
C.)." 

Change  "the"  to  "these." 
After  "If"  add  "integrated." 

Change  "resistant"  to  "nonresistant, " 

Change  "for  particular"  to  "for  a 
particular. " 

Change  "crack  crevice"  to  "crack 
»nd  crevice. " 

Change  "insects"  to  "pests." 
Change  "insects"  to  "pests," 
Change  "thre"  to  ,f there." 

Change  "phosphite"  to  "phosphide.11 
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PAGE-COL  SUBJECT 


LIKE (S) 


COMECTIOH 


60R 


6lL 
G4L 

69R 


3R 

4R 
7L 
14R 

25R 
25R 

26L 

29R 

3QL 

38L 
40R 

41L 
4SR 
SOL 


15  from 
bottom 


9  from 
bottom 

15  from 
bottom 


CHANGES  FOR  THE  TEXT:     VOLUME  4 


13 

13 
1 

18 

21 
25 

13  from 
bottom 

18  from 
bottom 

11  from 
bottom 

27 

17  from 
bottom 

18 

17 

15  from 
bottom 


Delete  "The  plungar  or  -  *  -  lasting 
but  expensive."  and  replace  with  "This 
pump  can  be  used  for  any  type  of  liquid 
formulation/  withstand  rough  treatment, 
and  is  long  lasting  but  expensive," 

Change  "diaphragm"  to  "diaphragm." 

Change  "filled  compressed"  to 
"filled  a  compressed,'* 

Change  "but  are"  to  "but  they  are." 


Change  "Cyale-pvopagative"  to 
"Cyolo-propagative*" 

Change  "fevere"  to  "fever," 

Change  "heartworn"  to  "heartworm. " 

Enclose  "galliniper"  in  quotation 
marks . 11 

Change  "Deseases"  to  "Diseases." 
Change  "desease"  to  "disease," 
Change  "hesstan"  to  "Hessian," 

Change  "fall"  to  "dull." 

Change  "then"  to  "than." 

change  "finds"  to  "kinds," 

Change  "aprtments"  to  "apartments," 

Change  "contains"  to  "containers-" 

Change  "presticide"  to  "pesticide." 

Change  "disinfection"  to  "disinsecti- 
za t ion, * 


34 


G41 


PAGE-COL  SUBJECT 


LINE  (S) 


CORRECTION 


52L 

52R 
54L 

63L 
67L 


17  from 
bottom 


2  from 
bottom 


21 
5 


Change  "epederaics"  to  "epidemics.11 

Change  "bilobed"  to  "bi-lobed," 
Change  "  succomb"  to  "succumb. " 

Change  "infection11  to  "infestation, 11 
Change  "englarged"  to  "enlarged-11 


CHANGES  FOR  THE  TEXT:     VOLUME  5 


3L 
3L 

S 

5R 

6R 

8R 

10R 

11L 

13L 

22L 
22R 
24R 

29L 
36 


Exercises 
(S07)-9, 


9 

10 


9 

last 
1 

26 
8-9 


6  from 
bottom 

12 

12 

12^13  from 
bottom 

29 


Answer 
813-4 


Change  "family11  to  "sub-family." 
Change  "bombidae"  to  "Bombidae," 
Change  "carboryl"  to  "carbaryl." 

Change  "Maaulata"  to  "maculata. " 

Change  "amoun"  to  "amount." 

Change  "like"  to-  "Unlike- M 

Change  Atger>tsdiclvLu  to  "gertschi . " 

Change  sentence  to  read  "Mult 
scorpions  vary  in  length  from  less 
than  an  inch  to  almost  8  inches* M 

Change  "winds"  to  "wings," 

Change  "Dictuoptera"  to  "Dictyoptera . 11 

Delete  the  first  "are," 

Delete  "It  has  a  pale  area  sur- 
rounding the  pronotum," 

Change  "but"  to  "big," 

Change  "carbomatesB1  to  "carbamates.1' 
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CHANGES  FOR  THE  TEXT;     VOLUME  6 

PEW -AND- IKK  CHANGES: 

PAGE -COL     SUBJECT  LIME  (Si 


c 


CORRECTION 


3L 

8R 
9L 

9R 

1BL 

18R 

19L 
30L 

31 L 

33L 

34R 

351, 
41L 


Preface 


Table 
1*1 


3  from 
bottom 

Title 


10 


22 

5  from 
bottom 

23  from 
bottom 

16  from 
bottom 

24  from 
bottom 

17 

16  from 
bottom 

IB  from 
bottom 

29  from 
bottom 

27  from 
bottom 


19 


Change  "3  hours"  to  "33  hours.1 


Change  "Assents  sment"  to  "Assessment. 


Change  "case"  to  "cast"  and  "It"  to 
"It's." 

Change  "on"  to  "of." 

Change  "Exercises  (AOS}''  to 
"Exercises  (A09)  -11 

Change  "in"  to  "is." 


Change  "don-t"  to  "don't." 

Change  "Retienli ternies"  to 
"Retiaulitermes , " 

Change  "tod"  to  "to," 

Change  "to"  to  "on." 

Change  "Holy"  to  "Holly." 

Change  the  second  "and"  to  "of, ' 

Change  "at>r"  to  "more." 

Change  "excretment"  to  "excrement*" 
Change  "hardware"  to  "hardware." 
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CHANGES  FOR  THE  TEXT:     VOLUME  7 

PEN -AND* INK  CHANGES: 

PAGE-COL     SUBJECT  LINE (£) 


so 


CORRECTION 


1L 
1L 

1R 

/ 

2B 

6L 

SB 

18R 

27R 

28L 
48 


12  from 
bottom 

4  from 
bottom 

last 


1-3 


13  from 
bottom 

10  from 
bottom 

13  from 
bottom  | 

17-24 


Answer 
C24-11 


Change  "leptospirois"  to 
" leptospiro  sis," 

Chang*  Milling"  to  "killing. " 


After  "domestic1'  add  "rodent's  will 

become  infected,  and  carry  the 

infection  to  humans.  This  disease 
is  usually  fatal  tc  \he  rat,  the 
flea,  and  to  the  h 

Delete  "rodents  will  become  .  .  .  , 
fleas,   and  humans*" 


Change  "builidng^  to  "building, 11 


Change  "infestation1*  to  "infestations. " 


Change  "intomologist^1  to  ^entomologist.  " 


Delete  "If  you -have  received  .  <  .  all 
entrances  and  exits./,.' 

Delete  11    11.     DDT  wilt  kill  bats." 
■  ■  ^  % 

/ 

Delete. 
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